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When you choose Bendix Ignition Equipment your judgment is 
confirmed by aviation experts the world over. For Bendix magnetos 
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new Bendix Low Tension Ignition System, eliminating many of the 
conventional ignition difficulties encountered at high altitudes, So 
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electrical, connectors, or the new Low Tension System. specify 
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The Age of Rocket Power 


tas of this month’s issue will find pictures of the moon, of 
artificial satellites orbiting around our planet, of spaceships and inter- 
planetary voyagers. Those who have time to spare may derive some 
enjoyment from the illustrated story of the first trip to the moon. 
Some may recall their youthful enthusiasm for Jules Verne. 

We know perfectly well, of course, that some of our readers might 
think that a wave of /wnacy has wafted through our editorial staff. Well, 
we assure them that we still have our feet firmly on the ground... 

Meanwhile, it did seriously occur to us that the first experiments 
carried out by the Chinese thousands of years ago, or the partial incen- 
diary destruction of Copenhagen by British rockets in 1807, not to 
speak of the ill-conceived attempt in 1944 to regain by rocket power 
a lost supremacy in the air, do give one food for thought. 

Also, if we are to be accused of over-enthusiasm for such matters, 
then some of the highest placed men in Washington’s Pentagon would 
likewise be candidates for earnest psychiatric treatment. We trust that 
none of our readers has forgotten that, not so very long ago, an Ameri 
can Secretary of Defense admitted freely that the US Military Estab- 
lishment was concerned with research for placing artificial satellites 
around the Earth. Nor do we suppose that anybody considers the 
Peenemiinde experiments, the current test firings in the Californian 
Mojave Desert, in the Pacific, in Australia and numerous areas of the 
Soviet Union, as mere games conceived by puerile minds. 

Rockets are now part of the standard inventory of every military 
power. Rocket motors have proved their ability to propel aeroplanes. 
They are the object of continued research as aggressive weapons. 
Attempts to establish mail lines by rocket have been going on for 
several decades. It is more or less possible to determine where rocket 
Where it belongs in the realm of 


development began. will end... 


fantasy. 

It strikes us as being of secondary importance as to whether rocket 
propulsion will remain confined to chemical propellants—as most 
experts firmly believe to-day—or whether nuclear energy will find new 
application in this field. Ask the man-in-the-street what he thinks of 
rockets and he will no doubt answer that he considers them to be secret, 
deadly weapons. But if you contact one of the relatively small circle 
of scientists now established in all countries, you will be told that the 
rocket is to-morrow’s medium of transport, which will one day enable 
us to set up connections with our neighbouring planets... The vehicle 
of a coming interplanetary generation. 

Just reflect a while ! Had a serious scientist risked predicting, thirty 
or forty years ago, that 1950 would see transport aircraft carrying 
forty or more passengers regularly in about twelve hours across the 
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Atlantic, or had an engineer foreseen merely that supersonic flight might 
be accomplished by 1950, then people would have ridiculed them. 
There is no doubt that most people to-day regard with similar mis- 
givings the few pioneers who now dream or speak of interplanetary 
travel. 

We do not wish to suggest that interplanetary travel will come about 
in the immediate future. Still less do we maintain that even the approx- 
imate Our 
opinion is only that interplanetary travel is one of man’s dreams which 
When ?... 


the day when people chide us for our present cautious opinions. 


foundations are yet established for such undertakings. 


will one day be realized. Well, even we might live to see 

To confine oneself always to finished constructions, to speak of 
aircraft only as commercial commodities when they are already per- 
fected, is tantamount to overlooking the possibilities of to-morrow. 
But the true journalist must not only report ; he must also incite interest. 
For this reason we are devoting the first section of this issue to a des- 
cription, not without fantasy, of something in store for our next gene- 
ration : Interplanetary Travel. 


The East and the West Present Arms 

In the meantime, those readers who find that our own planet causes 
enough worry will also find something worth reading. 

Last September at Farnborough, the Society of British Aircraft 
Constructors staged its usual annual exhibition and display. Our 
engineers, although they saw no revolutionary new designs returned 
very favourably impressed. As regards the quantity production of 
the British aircraft industry, present-day political conditions make 
But 


there was no doubt about the high quality of Britain’s modern turbine 


it difficult to make anything beyond a very approximate guess. 
aircraft. It was a presentation of arms in the West, which may have 
caused many a fighter pilot’s heart to beat faster... 

Meanwhile, it so happened that, at roughly the same time, an envoy 
from the Kremlin chose to call on us with a few photos and more than 
usual information about the Soviet Air Force. The interest of our 
engineers was strongly aroused for this glimpse behind the Iron Curtain 
was decidedly informative. We saw that the Russians had picked up 
numerous ideas from former German as well as modern British and 
American designs and developed them. We saw clearly that the Soviet 
Air Force is now equipped with the most up-to-date of fighters and 
bombers, fitted with high-power turbine engines. It could be concluded 
that Russian manufacture is not merely confined to high quality, but 
also that major quantity production is well under way. A presentation 


BEA. 


of arms in the East, too ! 
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W hen, just before the turn of the century, 
the inventor Hlermann Gansnindt advanced the 
first seriously meant, if quite crude, space 
travel plans (on the basis of a ship propelled 
by explosion “‘pills’’), he ran into a solid wall 
of general disbelief. Only a single critic even 
felt it worth his while to reply. He was 
Roman Baron von Gostkowski, professor at the 
Technical High School of Lemberg. Writing 
in the Viennese periodical Die Zeit, he told his 
readers, and Ganswindt, that a ship propelled 
by dynamite or similar explosives could at best 
reach the limits of the atmosphere which he 
assumed at 360 kilometers. That was in 1900 
and although professor von Gostkowski sin 


plified his methods of calculation too much 


for accurate results he was, inessense, correct 
under the assumptions made. 


About a quarter of a century later, in 1925, 
) 
it had been shown mathematically by Robert //. 


Goddard and Hermann Oberth that, with the aid 
of the step principle, a rocket should not only 
be able to penetrate to the limits of the atmos 
phere, but that it could also reach the moon. 
The discussion had come to the point of 
accepting the general theory but of doubting 
whether engineers could build what theory 
demanded 

Now, again a quarter of a century later, a 
two-step rocket, consisting of a V2 and a 
WAC-Corporal, has actually reached the limits 
of the atmosphere and unless all the rumors 
are wrong, Official studies on a satellite rocket 
are progressing. It will probably take much 
less than another quarter of a century to 
accomplish both, the unmanned rocket to the 
moon and a satellite rocket revolving around 
our own planet. But in all probability much 
more will be done between now and 19735. 

Until a few years ago it was still possible to 
reason as follows : of course there is no doubt 
that rocket theory as developed by Oberth is 
mathematically correct. There also is little 
reason to doubt that the engineering problems 
are in themselves soluble. But with chemical 
fuels only the realization of space travel was a 
project of such magnitude that it could be 
doubted for reasons apart from mathematics, 
engineering and technology. With chemical 
fuels only the unmanned rocket to the moon 
the Moon Messenger as I call it to distinguish 
it clearly from a manned spaceship—could 
\ manned trip around 
the moon, without landing there, seemed a 


faint possibility. 


certainly be realized. 


Ot course it also appeared 
possible to put a large rocket in an orbit 
around earth and once that was accom 
plished the rest would be rather easy, for a 
rocket taking off from the station would have 
a velocity relative to earth of the order of 
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The Shape of Ships to Come 


BY WILLY LEY, JACKSON HEIGHTS, NEW YORK 


ique and interplanetary trave Rockets 


and Space Travel, New York, 1947), Vorstoss ins Weltall 


4.65 miles per second (7.5 km/sec) before it 


used up a single kilogram of its own fuel. 
That was Guido von Pirquet’s “cosmonautical 
paradoxon”’ which stated that the first step 
would be harder than any other afterwards. 
But one could doubt—mostly for financial 
reasons—that this very long first step would 
be taken. 

But now we know how to extract energy 
from some heavy atoms. So far, according to 
released information, we can do mainly two 
things : either make this energy appear in the 
form of an explosion, or else heat water with 
it. Neither is suitable for rocket propulsion 
but hopes that a suitable method can be found 
are now justified. One may imagine, for 
example, that the fuel of an atomic-powered 
spaceship consists of a watery solution of a 
where most of the 


uranium salt uranium 


atoms are of the fissionable U-235 variety 
which are made to split when they enter the 
rocket motor. Or one may hope for a method 
of expelling an inert reaction mass, plain 
water or possibly mercury, without expelling 
the fissionable matter along with it. In sucha 
manner the ideal combination of factors may 


Moon messengers’’ within this decade ? Even to-day 
it is possible to accelerate the crewless end-stage (upper 
most component) of a very large multi-stage liquid-fuel 
rocket to the necessary velocity of liberation of at least 
7 miles per second, so that with the aid of lunar gravi 
tation it finally can fall to the moon’s surface (maximun 


travel duration : 


four days). 










































be established : 


very high exhaust velocity, 
high density in the tank and low molecular 
weight of the exhaust. At any event a ship 
with a mass-ratio of 3.5 :1 which can take 
off from the ground, go to the moon, land 
there and return to earth for an airplane ty pe 
landing was just a dream ten years ago. By 
now this dream has advanced to the status of 
a justified hope. 

While one still has to be somewhat vague 
about the propulsion mechanism one can be 
fairly definite about most other things. In 
external shape such a ship, no matter what its 
overall size, will resemble the V2 rocket or 
rather the Peenemiinde type A-9 with short 
wings. The problem here is to create a wing 
type which during the vertical take-off of such 
a ship acts merely as a stabilizing fin but which 
will function as an airplane wing when the 
ship, empty and therefore light, returns from 
space. The ideal would be a retractable wing 
but this presents so many design problems, 
all unsolved, that one may forget about it for 
the present. Besides there exists a rather 
simple way of making the wings non-function- 
ing during the early part of the ascent where 
they might be most disturbing. They can 
simply be hidden in the take-off booster. 

The ship will probably have a_ take-off 
booster just because it is atomic powered. 
\tomic energy inevitably carries with it the 
problem of radio activity. Protecting the 
pilot and from the 
emanating from their own propulsion machin- 
ery is not too awkward. The internal arrange- 
ment of a spaceship should not be confused 


passengers radiations 


with the arrangement of an ocean going 
vessel ; it is the arrangement which would 
prevail in a tall and narrow tower. Therefore 
all the shielding necessary would be a “floor” 
or bulkhead at one point and this shield will, 
obviously, be the lighter the narrower the 
ship. The atomic powered ship, far from being 
squat, will be longer, or rather taller, and more 
slender in proportion than the big rockets of 
today. But one has to anticipate that the 
exhaust blast might be radio active too. Fora 
first test one could simply pick a remote area 
and leave it to the Ecuadorian police to keep 
people away from the contaminated spot 
afterwards. But as soon as one has more than 
one departure a month there has to be a 
permanent spaceport and that must not be 
radioactively contaminated. Therefore the 
ship would be carried for a mile or two | 
means of a booster with chemical fuels. 
There will be another place for a sn all 
chemical fuel rocket motor in such a ship. 
\fter the period of initial acceleration of a few 
minutes is over and the ship is in “free flight” 
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the eflects of gravity will be absent, except for 
the very slight effects of the heaviest parts of 
the ship herself. When the time for additional 
fring either for orbit correction or for landing 
has come nothing might happen. Because the 
distribution of the liquid reaction mass in the 
tanks (and also of the liquid fuels in a large 
liquid fuel rocket) is very much up to blind 
chance. There is absolutely no guarantee that 
the liquid, once the tank is more than half 
empty, will be where the standpipes can get 
it. One would, therefore, need a small rocket 
motor, capable of delivering a thrust of some 
200 kilograms for two or three seconds to 
cause the liquids in the main tanks to settle 
where they belong. Such a small motor could 
either operate on compressed gaseous oxygen 
and compressed methane or it could simply be 
a cordite rocket. It is the equivalent of the 
starter on an airplane engine, but the starter 
is needed only in space, not for take-off. 

Since the entrance would be located above 
the shielding bulkhead a structure for entering 
and also for servicing would be needed of 
which the Gantry Crane on the White Sands 
Proving Ground is the prototype. At White 
Sands, where one has to climb steel ladders to 
get up, everybody feels a bit like a fireman 
when something has to be adjusted in the 
instrument head of a Vz. Of course elevators 
would be provided for the still taller spaceships 
and since the servicing structure is apt to 
weigh more than the ship the White Sands 
procedure will probably be reversed. At White 
Sands the rocket remains in place while the 
crane moves away. For bigger structures it 
would be more practical to place the ship on a 
movable firing table. 

It cannot be too strongly emphasized that 
the normal attitude of a spaceship is vertical, 
whether standing freely on the ground, taking 
off or landing. On our moon, for example, 
since it is airless, the only way in which the 
velocity of the ship, imparted by the moon’s 
gravitational attraction, can be reduced to 
zero is by landing tail first, with the motor 
working. There will probably be shock- 
absorbing “‘outriggers” of some kind to take 
care of minor unevennesses of the surface. 
Not only that it could hardly be done any other 
way, this method of landing tail first has the 
additional advantage that the ship is at once 
and automatically in take-off position after 
landing. The only exception to this rule of 
vertical position is the return landing on earth 
with empty tanks where the ship lands as a 
high speed glider ; at first probably on water. 
But even then the ship is apt to float in a 
vertical position after it has come to rest. 

Astronomers and also meteorologists have 
often stressed the fact that our atmosphere is 
a protective blanket. It absorbs most of the 
ultraviolet radiation from the atomic furnace 
which we call our sun. It swallows the cosmic 
rays. It burns up virtually all meteoric matter 
except the very large ones. Because the 
protecting qualities of our atmosphere have 
been stressed in such a manner there are now 
very many people who expect that several 
awful fates will befall anything that sticks its 
nose out of the blanket. 

\s regards the ultraviolet radiation from 
the sun we already have some experience. 
Naturally the ultraviolet could operate only 
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In the case of manned research and exploration ascents 


to a relatively small altitude, the crew could be protected 
from the danger of sudden cabin pressure reduction 
(caisson disease) by pressurization equipment such as 


that now used for high-altitude flight. On the moon, 


which has no atmosphere, pressure suits would be 


indispensable outside the space ship. 


through windows, not through the metal of 
the ship’s wall. And here the sequence of 
development has been this: ordinary glass 
absorbs ultraviolet and since the small 
quantities of it which we experience here on 
the ground are beneficial, it was greeted with 
much joy when types of glass and of transparent 
plastics were developed which did not hinder 
the passage of ultraviolet. But when these 
types were used in high-altitude aircraft it 
quickly developed that they permitted the 
ultraviolet to pass too well for comfort. For 
this reason there are now types of shatterproof 
glass sandwiches and transparent 
plastics which keep the ultraviolet out, more 
so even than the cheap window glass which 
was blamed for doing just that. Ultraviolet 
proof spaceship windows, therefore, are no 
problem. Of course the windows, in turn, 
should be protected by sliding metal shutters 
during take-off. 

As regards the problem of cosmic radiation 
experimentation especially with Aerobee rock- 
ets has already provided an answer. It was 
found that there is a “cosmic ray ceiling,” a 
height of maximum intensity, some thirty 
miles above the surface. But even there the 
amount of radiation is below that which is 
considered ‘“‘safe” in atomic energy laboratories. 
Above this “ceiling” the radiation density 
decreases quite fast to reach a very low value 
higher up. Of course at an altitude of say 
100 miles the bulk of the earth still shields the 
instruments against roughly half of the total 
radiation. For a position far from the earth, 
say half way to the moon, the figure for 
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100 miles altitude would have to be doubled. 
But even if it were quadrupled it would still 
be far below the “safe” limit of atomic 
laboratories. 

The problem of meteorites is somewhat 
different. It is impossible to draw conclusions 
from estimates which say that the earth is 
struck hourly by one or two million meteorites 
of all sizes, even aside from the fact that the 
estimate is not too certain itself. Obviously 
there is an enormous difference between a 
solid ball like the earth, 7900 miles in diameter 
with a strong gravitational field, and a space- 
ship, some 200 feet tall and 20 feet in diameter 
with no gravitational field to speak of. 
Furthermore meteorites, like fish, come in all 
sizes and the big ones are rare. The vast 
majority will have a mass below one gram. 
What complicates judgment still more is the 
problem of their velocity. It is easy to 
calculate that a ship, en route to or from the 
moon and piloted by a man with bad luck may 
be struck by a meteorite with a relative velocity 
of three miles per second. What nobody 
knows is what will happen when a meteorite 
strikes a metal plate with such a velocity. One 
is apt to think of ballistics and to conclude 
that the penetrating power should be some 
function of the velocity. But even in ballistics 
this holds true only within Itmits, a much 
faster bullet may not have the penetrating 
power which would follow from its velocity 
because it deforms itself on impact. And in 
the case of meteorites we don’t deal with 
bullets but with bodies of approximately 
spherical shape and with an average density of 
only 3.4. (The much rarer iron-nickel meteo- 
rites, of course, have a density near 7.8.) In 
short, nobody can tell for certain just what 
their penetrating power might be. 

The next question concerns the number of 
meteorites that might be encountered. This 
has been investigated mathematically by 
G. Grimminger of the Rand Corporation in 
Santa Monica. One of the tables drawn up by 
Grimminger deals with the probable number 
of hours of waiting time between hits if a 
spaceship is in the general vicinity of the orbit 
of earth. For meteorites of a diameter of 
13 millimeters the table gives the figure of 


5.36 times 10° hours. For meteorites of a 
diameter of 5 millimeters the figure reads 
2.09 times 10° hours, for meteorites of a 


diameter of 1.1 millimeters it is still 2.04 times 
For microscopic meteorites of a 
diameter of millimeter the 
probable time interval between hits is slightly 


10° hours. 
1/1ooth of one 
overt two hours. 

The danger that a spaceship will encounter 
a large meteorite which would penetrate a 
solid hull like a machine gun bullet is obviously 
negligible. It is equally obvious that a space- 
ship will have to sustain a number of hits of 
microscopic meteorites on every trip. For 
this reason Prof. Fred L. Whipple has suggested 
a special precaution which he called a “meteor 
bumper.” It consists of a sheet of metal one 
millimeter in thickness mounted at a distance 
of say 25 millimeters outside the ship’s hull. 
This outer sheet would absorb all the impacts 
of bodies which could be seen only with the 
aid of a low power microscope. Those that 
would penetrate through the “bumper” would 
have their velocity reduced very considerably 
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one can expect 
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we ship An extremely inviting crater and maria terrain 


n the bloodstream. 


suddenly 


When the 


pressure is reduced 


nitrogen leaves the solution and appears in the 


form of bubbles in the blood vessel. One 
cannot change this characteristic of nitrogen, 
but one can substitute a different sort of inert 
ras the spaceship’s atmosphere. Exhaustive 
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le the cabin. But for some of the other 


foreseeable features there will be difference 


partly according to the of the ship, 


The latter 


purp se 
vartly according to destination. 


es not refer so much to the conditions at 
lestination, but to the duration of the voyage. 


required for 


ir nearer neighbors in space, Venus inside 

ir orbit, Mar sutside our orbit and the 

oon next rt our own orbit naturall 
depends on a large number of different 
factors. It is not a problem like navigating a 


plane trom Ireland to Newfoundland. It i 
avigational problem which would have come 


up if the various floating islands of classical 


had ( \ 


mmerce 
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with one another. 


external 


some of the 





The duration of a trip to Mars or Venus 


first depend on the relative positior if 
the moment which implies vreatly vat 

distances. Secondly it depends, natural] n 
the assumptions made for velocity, iel 


capacity and so on. For these reasons onl 


me set of figures is at all useful for a 


‘er 
minary survey, those which, so-to-speak, show 


the worst that can happen. The worst possible 


conditions are, obviously, the minimum of 





expendable energy at which the trip car 
: 


be made at al 


l and, simultaneously, the grea 

distance that is astronomically possible. These 
figures were provided for the first time by the 
late Dr. Walter 


146 days for the one-way trip to 


llohbmann over twenty vears 
ago and read : 
Venus ; 258 days for the one-way trip to Mars 
variation in 


the 


In the case of the moon the 


distance c. 1 almost be neglected because 


limits are within 6 per cent of the average 


certer distance of 384,000 kilometers (239, 


miles). With minimum energy expenditure a 


moon trip will take four days, the variations 


caused by distance count in hours only. 


Obviously a ship which is to be in space for 
just four days will be different in some features 
from one which may have to be in space for 
eight and a half months. But since the vel 
1 
changes involved, 


which is the same as 


expenditure of reaction mass, for the three 


by compart 
] 


destinations just mentioned vary 


"aie : 
atively small factors the differences in de 


1 1 - 
apply more to the features for passenver 


comfort than to the propulsion mechanism. 


In fact one may say, with some simplification, 


that an atomic-powered ship which can ea 


nake the roundtrip to and from the moon 
could also make the trip to Venus and Mars 


provided only that more reaction mass for the 


return can be taken on after those planets Hay 
bee Nn reached. 
One 


assigned to the lunar run and one with Venus 


the major differences between a ship 


1p Mars as destination would be the instru 


mentation. During a lunar run the pilot would 


| the distance 


f the ship at a given instant from the goal 


ye interested in only two factors, 


and the velocity of the ship at the same instant. 
This could be done by measuring the apparent 


diameter of the moon at suitable intervals by 


and then checking the 


apparent diameter against the 


table 


means of a telesc ype 
actual distance 
prepared for that purpose. In reality 
this astronomical method will be reserved for 
pilot training and when the radar 
Normally 


information more 


apprentice 
set is undergoing repair. the radar 


set will provide the same 


accurately, much faster and with less trouble. 
It is true that direction of sighting (visually or 
adar) and direction of motion do not coincide 
ecise that corrections will have to be 
ipplied, but the closer the ship approache 
the in the closer the coincidence betw« 


ight and line 


in finding during a trip to Venus 


something which is slightly more 


ymplicated, requiring equipment that may not 


Wher 


ve carried ona 


ON trip. 


Pott 
a°/} 











































from one planet to another the ship too 


travels in a planetary orbit which, like the 
planetary orbits, is elliptical with the sun in 


ne focal point. The difference is that the 
eccentricity of the ship’s orbit is higher than 
that of the orbits of the major planets. Because 
the p is moving in such an orbit, the 
astrogator has to find his position with respect 
to tl un rather than with respect to either 


home planet or goal. The latter comes after 
wards. To establish his position the astrogator 
first has to find the star Regulus which is 
conspicuous, easily identifiable and happens 
to be situated very nearly in the plane of the 
ecliptic, and at a very great (almost infinite) 
distance. Knowing that the 
longitude of Regulus is 150° and measuring 
the angle of sun-ship-Regulus the astrogator 


astronomical 


can establish the astronomical longitude of his 
ship. The next job is to take a sight on a 
conveniently located planet, not necessarily 
the target planet. He then has a triangle 
formed by sun, ship and the planet used. Of 
that triangle he knows the length of one side 
(sun to planet, from the handbook for that 
late) and also the position (longitude) of that 
side. Since he already knows his position re 
ative to the sun and Regulus, the remain 
inv irk is not even trig mometry anymore 
but merely a question of consulting the right 
table. Once the ship is reasonably close to the 
target planet, Regulus is no longer needed 


and rads 


ir can take over instead. 
Th . ] } 
Che second major difference between a ship 


in the lunar run and one bound for a neigh 








ling supplies for the crew, which includes a 
breathable atmosphere. For a moon trip this 
Food and drink will be 
what is customary, the helium of the atmos 


is a minor problem. 


phere is inert, it is just a question of replacing 
For a 
moon trip one would just carry the necessary 


oxygen and removing carbon dioxide. 


oxygen along, naturally in liquid form because 
the heavy steel cylinders required for com 
pressed gas would be a waste of carrying 
capacity. But it might be equally wasteful to 
carry chemicals for the removal of carbon 
Many 
circulating part of the 
atmosphere at intervals into a long pipe 
outside the ship and in the ship’s shadow. It 
would then radiate its heat away and moisture 
and carbon dioxide would freeze out of the 
air while the oxygen, the nitrogen and especial 


dioxide. years ago Professor Oberth 


suggested cabin’s 


ly the helium remain gaseous for a long time. 
This principle might easily be expanded into 
an automatic apparatus but one which would 
be used for the lunar run only. 

On a voyage the duration of which has to be 
measured in months neither the moisture in 
the cabin’s atmosphere nor the carbon dioxide 
should be wasted by letting it escape into 
space. One also does not dump scrap metal 
into the ocean. ‘To condense the moisture of 
the atmosphere, produced by skin evaporation 
and exhaled breath is a simple technological 
problem and after it has been distilled over 
and flavored it can be used again. As regards 
the carbon dioxide a machine is fairly helpless. 


The answer here is another living thing : 


bot planet would be the method of hand plants. Plants will take the carbon dioxide 
SO \ lunar base with bunker living quarters and wireless station has been erected, an atom rocket arrives from 
ind takes off for the earth every week. Here it is being prepared for take-off on the return journey by men in 
press suits. The seene is illuminated by reflected light from the home planet ; the more remote mountain ranges 
ghted by the rising sun. (From **The Conquest of Space,” illustrated by Chesley Bonestell, text by Willy Ley, 
blished by Viking Press.) 













































and convert it into their own substance and 
edible starch, releasing oxygen in the process. 
Nor are the quantities excessive: a leaf 
surface of one square meter will provide 
enough oxygen for one man doing sedentary 
work. It seems that certain fast growing fresh 
water weeds provide the largest amount of 
oxygen and the process can be speeded up by 
some tricks of illumination, one of which is 
a short three or four hour “day” followed by 
a “night” of equal length. 

Naturally the oxygen-producing plants and 
the oxygen-consuming crew do not need to 
occupy the same room, especially since this 
method would be used only on fairly large 
ships. This principle will probably be referred 
to as that of a “balanced aquarium” and that 
term would be correct in the sense that people 
think that an aquarium operates that way. We 
now know that it doesn’t, enough oxygen goes 
into solution in an aquarium even if not a 
single plant is present. What the plants in an 
aquarium are for is to remove the carbon 
dioxide ; that they produce oxygen too in the 
natural course of events is obvious, but not 
required. But a spaceship cabin would actually 
be the closed system which an aquarium 1s 
supposed to be. 

To go into medical problems would require 
a separate article, but it can be stated that no 
single bodily function is known which depends 
on gravity. Some, like swallowing, are aided 
by gravity but do not depend on it as is 
already shown by the fact that one can swallow 
against gravity. On any trip into space, 
gravity 
rocket motors have ceased 


seems to be absent as soon as the 
This 
means that gravity seems to be absent most of 
the time, for on a 97 hour moontrip the 
rocket motors would work for a total of about 


working. 


ten minutes. 97 hours are not enough to let 
the muscles deteriorate for lack of strenuous 
activity. This would be different for the weeks 
or months required to reach another planet. 
Some exercising machinery, depending on 
springs, not on weights, would obviously 
have to be part of the standard equipment. 
And exercise hours would be part of the 
regular routine. They might help to do a 
little against the one factor which really looks 
bad. That is not a physical factor but a 
Whether you call it, 
boredom, 


psychological one. 
according to your upbringing, 
ennui or Langeneile, it is the thing against which 
space travellers have to guard more carefully 
than against anything else. 

For the foreseeable future only three goals 
seem attainable. Mars with its thin air, less 
than that over the peak of Mount Everest, its 
reddish deserts and its patches of vegetation 
which we are now sure exist. Venus, the 
surface of which is a complete mystery to us 
because it is always hidden under white clouds. 
And Eros, the little planetoid which crosses 
the orbit of Mars and therefore comes closer 
to earth on occasion than the red planet. 
Because it offers no appreciable surface gravity 
which would make great demands on reaction 
mass for take-off, Eros might be the first goal 
of a longer-range interplanetary expedition. 
And if 
things progress on the accelerated curve which 
has held true for the last 25 years somebody 


The moon, of course, will be first. 


may get there in 1975. 











Earth Satellite Vehicles 
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E... ince that laconic statement 


Report ot December, 1948, 
Vehicle Programme of the USA \ 
American Defense Secretar ] I Forresta revealed 


f space base nd their equipment 1 those which form an angle with the 


chosen that the station appears at regular intervals at statement. In this respect, we shall have to wait for the 
earth surface relative to the data obtained by the high-altitude research 1 


now in construction and on trial in the USA. In this 





mn applies to ‘ob that similar though ne 


! combinations, such as that of 





that the creati 









had been alloc ited t » the Commirtee n Guided M ile " eartl equator ymnly if the station’s time otation tried out in February, 
intenae diecnesion conceming interplanetary travel hout the earth amounts to a frac a sarth’e are aleeady capabl ieatntnn the lowes iimite of ti 
and space sta has been going on wn period of rotation about its 86,400 stellar will be assigned to space stati 


Meanwhile, the general public remains comparative second But even with equatorial orbits (in the plane 
ignorant with regard to the basic questions involved of the earth’s equator), observation is considerably f magnitude of all the significant 


Nor is this to be wondered at, inasmuch as rocket simplitied if a whole number of rotations takes place inclination with an average 


technique and research have until now been the exclu dail Without wishing to enter into a discussion of of 45° is 


present outline is concerned only 
: . 
nethods of calculation at this point}, relative to the solar-terrestrial eclipse amounts to 68 





correspondingly, the declination 





sive field of a re 





e clear the effect of altitude, it is suf 
it) an altitude of 557 km can be ficient to compare directly both ort 


cm (orbit I) and of 1,669 km (orbit II) altitud 5 


in the case of tiftec n daily rota In order to mak 





developments ar 
sures by all participating States, with the stereotyped tion n 
explanation of “Military Security Beyond all que ( 


| 
Its, Namely t | 





wrbital velocity amounts to 7.582 e% 
































tion, this state of affairs is a hindrance to normal pr meters per second. When there is a daily trajectory of © Our first illustration shows both orbits as seen fr 
gress, since bjective and unprejudiced t t 2 rot however, the altitude amounts to 1,669 kn the northern pole of the trajectory, i.e. approximatel 
judgment are withheld from tt public A cons ind the rt 1 velocity to 7.039 meters per second from the direction of the star “Beta-Aurigae.’ 1} 
quence, interplanetary tr 1 } } 7 nuch tk An isterly direction of rotation (i.e. the direction direction of rotation of the station and the axial directi 
‘ he most severe scepticis! ae oer ae ‘ f the earth’s rotation) will, of course, be chosen for of the earth’s rotation are indicated by arrows. Of even 
nthusiasn the tellite vehicle, inasmuch as any body rising fron greater clarity for purposes of judgment is the orbital 
e, the , x tk t I rel rface gains the additional velocity of its picture projected onto the earth’s surface, i.c. tl 
2 ra-terrestrial . ;' trestrial take-off point in the case of “eastern Aichi connecting line of all points of the earth’s surface over 
a priori a very sober approach to the question. Ad hich otherwise (i.e. in the e of “western flight”) it vhich the station is in h at specific times 
mittedly it would be interesting—but relatively usele ild have t vercome The duration of sojourn within the earth’s shad 
to outline plans for the interior installation. the sleey A further question is that of the portions of the f importance for the working conditions on the s1 
ing and rl y quarter f } tune } z, | heerved fi he planetar ' ca sa } ial average to 24 minut 
ae p ‘ “ci } hict sation. rain an idea of this. it mav be mentioned per rotatior 26 for orbit I. and to 17.8 
artificial terrestrial t } } } r} | lina f + ‘ for ort il. J | ble to enter 
be left t } rites = isa: f } face bl hilee wit! ( rreater detail het he undoubtedly inter 
More than futur } 1) ot ; linns ‘ f the entir rface of the earth lic ny proble f temper re control. It may met 
ther ak tivnenl ey ti j ; | : heery = I} tate of affair probat be t ’ out that the n irradiates the station 
that the topic | j ‘ } —_— Si webid ma. for . . | EF va kealln ed bas nstant) per mi 
technically uninf 1 () neid j fs} ™ , 1} j lculat how rar theref 
nore i ed ' f | } ati ¢ raic ety Sisalin mead femae ‘ bh] } , { ev t ner 
physical and t ( 1 1 t portar During every rota th t 
ation of tk } ‘ } ‘ } eartl } j for 4 hor 
such an extt errestria ‘ 1 of i } } d night listrit ./ 1-// §7 RIA 1S / IV) 
E Heimat nsiderat for work in the ati ( ) ORGANISATION 
CRITERIA 1} ieretinisinn ehonsiid ? , rit 1 th rt 
gees at | : ee : ! ] ( ed Befo! blisk , } first extra-tert | 
FOR THE CHOICE Ol 1 TRA C10] hase | thin the light zone to the greatest possible : 
. t t ber of crewl rock¢ ill undoubted 
- , rent he determining factor for this js th position 
For the sake of simplicity it bts shee Seb c Phe dete t ! i c Geet be sent ub and experimental Aights will ha 
et rbital plane relative to the lar-terrestrial . ae aan eheren Pees. ee 
ing considerations that the station d ribe ! t 7 t ta = ei be made likewise with crew-carrving type Ihe 
: : , = 
orbit about the earth. This does not : , } pse. experimental projectiles—ijust as subsequently the |! 
on tae the ena iasival sslittn as } \ Finally, there the question of cosmic radiation, 14 1 bc ce \ | j \ 
c © Case , Only : tation it vill circle about the earth freely, thougt 
; : : ee netituren not only an ohiect of 3 pols: ty 
revards circular trajectoric nd their titud : tty 1 they cannot be looked upon as extra-terrestrial ba 
the urtace + rh eartt he } ‘ ¢ ¢ er ] 1 rer ) e pre ] l © cr s such Purels technical considerations sho ay 
naturally the decisive factor P € sta teh esent-day Knowle lee the dispatch of a crewless satellite is in no wav esset 
: ‘ . lespite al ‘Horts at ionospheric ¢ rch is unfortu 
Her it ca he pr ed wit rt lint ertain?r f € t t pnert esea 1 tiall simpler than the construction und ascent of 
ae Z TN Se ohio ott Las , ite t icier to enable us to mal i detin 
that the first interplanctar OT r vel ‘ ; inned station. For this purpose, a number of radi 
research purpose Our knowledge with regard 1 technical innovations will be necessary, inasmuch 
conditions in tt hivhest lavers of the irtl tr t Cf. Dr. E. Sanger It Laws of Motion in Space hithert conventional high-frequency communicati 
where (heyond 300 kn mt and the Ghowi fravel,” INTERAVIA, Review of World Aviation, techniaue Breaks down owthe to the effects of io 
nd_ physiological proble: volved in the fit No. 7, July 1949, p. 416-418 pieccie cadliast ns 



































‘ . 
frer the t } ‘ t vill in its final constructional stage h t mor 
’ see ‘ i ive t ¢ ( 
aE Ss repl ntation of orbit I (at 557 km altitude) and : 
considerable t tore tk { the following d Sve I cabins. 6 laboratoric 
§ () t Il it 1669 kr iltitud it an orbital inelinatior . : rf 
t 1 I shop, 1 power station. How these divisions at 
' ' 
be distributed cannot rone into here It 1 
hk pri ross estimate tat nas 
,) 4 1] ¢ pt , ed ’ he he constrt 
tional material—that the vill have an overall weight 
f approximately 180 tonne As to equipment (instal 
‘ , , \ 
the earth must not be too great therwise the tr lation. instrumentation. machine ete . toml of 
+ nMmMmlt uu ] } e els nd in tro 1 z : 
portation of supplies would be too « ind estiga rbout 220 tonnes will be necessar Vhus, the te 
tion ot the hivh-alrirude tmospher vers 2 weight stipulates 1 transport output for §1 tonnes 
If a transport performance of two tonnes is assumed 
for each feeder rocket, of which approximately 
nnes can be subtracted as consumable material for 
in average crew of 20, then 3 supply rockets would 
he necessar\ Since the transpe rted construction n 
terial h st be { me urrenth utilized by the crew ot tk 
station, a rocket will be sent off on the average onl 
every 3 days to the station, i.e. about 125 rocket 
innually. Of these, approximately every fifth will be 
return vehicle, so that only 1 transport rockets a 
uch will main . | } . . j 
1K A re 1 per year nm sucn a case, constructti¢ 
time vould amount. te ipproximately three vears, 
ind construction costs to vbout ¢ million dollars 


Ihe greater part of this material will have to be trans 


ported gradually by feeder rockets of a uniform type 






in the current supply traffic to the upper orbit. 


appeared at tl ONERA in Par 
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c sit he earth rotates at the same time once in the same direction. Consequently the intersection of the orbit 
Che ar visibilits limited to at worthy extent only in the case of orbit | and indicated by 
I he con l per cl tation, ( The trajectory of acceleration, over which chiefly 
t hensive g misa needed. ‘This can speed is to be attained without any considerable 
! ' 
livided, according to its tasks, int uppl gain in altitude, so long as is necessary to reach 
( municatio ition d a measuremen the orbital velocity requisite to this altitude (here 
t id rvation. station In the e¢ of the first, designated as “lower orbital velocity’) 
j ecshie ractinall } 4 ha ” 
seazcernia I slain . 1 . ; I)) The period of waiting spent’ in free gravitation 
} r leer iY feyr Tet 
ae re 6 ‘ oe ; ; “e. it without power at the previously mentioned alti 
+ t t ' Y + » | - 
cites , ude This time interval serves for the control 
t denas 
ind eventual correction of the trajectory, with 
It , pe ble for the ; - 
particular regard to the angle of phase relative 
( it ' t d ( ( nic ' 
eat: 3 i taies ; the station which the ascending rocket ts 
+} telli } ’ ong 2 
vey , I ly ang ppro ching on the lower orbit as a result of its 
ponding vt d } vithin th 
; rorter period of rotation 
intical field of : f ¢} enlfies 1} 
ae t | ak cul | p . ‘ | The transitory impulse necessary to accelerate the 
lictril 1 of { rth | rocket from its lower orbital velocity to the speed 
1 1 | I 
ter f 4 d In the corresponding to the perigee of the bridging 
f te , et 1 rable nditior ellipse (1.e. the ellipse whose lowest point is situated 
: de * of m the lower orbit and whose peak iIpogzec 
| + | : = situated on the final, “upper,” orbit of the station 
) essfht 
It } r Schematic drawit f a six-stage supply rocket for the 
ft execre Ww 1 ( the eriod f pa tation in comparison with the ingle-stage V2 
rot P ‘ Ir } Ch initial stage pr ided with four stabilizer fins 
ne f chec Ils for ( recision contains (above the propulsion unit) a pressurized cabin 
Il have t ct Other t with an observation canopy for the ‘landing pilot 
e condi ppl choice f tk Whilst the first five stages are each equipped, apart 
t cp I li from the main propulsion unit, with four control jets 
| t li for directional changes and the correction of disturbances, 
the terminal stage has a manipulable and finely regulable 
icR A ) ETUI ROC KI/-] jet both for propulsion and steering The pressurized 
cabin of the terminal stage transports two pilots and 
1 « ' ¢ ¢ ppat 
| * t I | all measuring and control instruments. Above it is 
: ; u t par located the cargo hold for the supply of the satellite 
ae ered t her On the ther hance 
1 bast 
f lerable it est determine the appeat _ 
| ‘ f +t » purket ponsible 4 
pp! I abies building or alt 
j For tl rose stigatior { ¢ 
vai ‘ { if ' 
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ae — 
\ Pe eee wh ead ww f 
t t ' ’ ta if der 
ind in rfect] t perfect er V4 
dicular direction Ihe ctory trave | —{1$m 
les power is followed | rm ot lono + 
le ettical ascent 
| Che traiector gE Ais hang bint 4 
rts the hitherto vertical 1 1 point of I 
nath already considerably ue as a result of 
; 7 10m 
he earth’s rotation—further into an almost hori gt 
ntal direction, either by gt & iy aelieiag 
the rocke th t v4 
\ccording to Oberth, the whole complex of questions - 
! uy for the determination of the most favourable sm 
ascent procedure is to be designated as ‘ta problem 
t gv In a somewhat more extended sense of I f 
the phrase, these ascent trajectories are consequently { 
lesignated as “synergy trajectories They are deter 
1 according to the method of the caleulus of ‘on j 

































































rses the equator only 2n-2 time in the course of a day, 
with the equator undergoes a 360/n towards the west per 


means of broken lines. 


F) The upward sweep by virtue of which the rocket 
ascends to the upper orbit without further power 
as a result of the additional velocity gained from 
the transitional impulse (bridging ellipse). Here, 
the rocket circles about the earth for a half rota 
tion and its sole function under way is to regulate 
its velocity so that it will arrive at the proper 


orbital altitude and in the required direction. 


he 


from its 


G impulse which accelerates the rocket 
the peak of the bridging ellipse 
the upward the 
“upper orbital velocity” (i.e. that of the satellite), 
the 
here into detail concerning the 


peak 
speed ut 


remaining after sweep) to 


lower orbit 


n order to avoid falling back te 
We cannot 


question of 


enter 
the ‘%« 


1¢ 
the station 


locking procedure” terminating 


nt at 


the 


orbital altitude of 557 km (orbit | 


iscc¢ 


of about 2 tonnes at an 


transport pacity 


it will be necessary 
with today’s fuels and jet exhaust, speeds 


to choose, 


of 2,180 meters p. sec in the atmosphere) and of 
2,900 meters p.sec. (outside the atmosphere), a six- 
rocket with a take-off weight of 220 tonnes. With an 





as 300 tonnes. 


e altitude of 1,669 km (orbit the take 


off weight would amount to as much 


From this it may be seen how important is the choice, 
from the verv beginning, of orbits not too remote 
from the earth. Calculation and constructive checking 
indicate (for orbit I) the following take-off weights and 
Brennschlus cut-off speeds 
Stage VI 5, kg 7,582 meters/sec. (temporarily 
Stage \ 10,5 ke 7,81§ meters/sec. 7978 m/sec.) 
Stage IV 23,320 kg 5,88 
Stage III 50,4 kez 3,985 
Stage II rro,s ke 2,1 
Stage | 220, kg 82 3 

The initial stage (1) is to operate in vertical climb 
only and separate after power cut-off ( Brennschluss ) 
in order to land at a not too remote distance after 


function in such 


controlled descent {I-\ 


. Hie stanes 
1 wav that when the fuel consumption of stage V is 


completed the lower orbital velocity (in a horizontal 
direction) at an altitude of 1 km is a/most attained. 
he velocity, however, should be somewhat smaller 


the 
ensatellite 


speed so that 


will 


Provision can be made 


than the corresponding orbital 


stage V 


vill again reach the 


exhausted now jettisoned not 


but earth 
for its decomposition into smaller parts in order to 


reduce the dangers particularly inherent in this stage 


by the dispersion of its presumed landing point. 


It is assumed that in each stage thrust remains 
constant throughout. The advantages of constant 
acceleration can be reserved for later “passenger 


vehicles.”” Here it suffices to remain below the limit 


of six G. Stage IT has to operate at a lesser acceleration 


since it will be responsible chiefly for the change of 
direction. Up to and including stage V, the trajectories 

After complete fuel combustion and jettisoning 
of the initial stage at about 12.7 km altitude (after 


35 seconds), the remaining aggregate continues during 
altitude of 37.2 kin, 





48 seconds in free ascent to an 
whereby its velocity is reduced to 345 me It 
is only then that stage II is fired 














1669 km) do not have to dit nl th stage 


whose propulsion plant nver jertisones that 
different trajectort iT taker t trai he termin 
iltirude 

In the adjoining llustration tl nitial portion of 


the trajectory of ascent as seen fror the orbital ™ | 
# the space station is presented At 
the stages I-VI begin to operat 
at about 13 km altitude ; the stages II-V are jettisonec 
at the points 3-6. The flight trajectoric f the empty 
stages are indicated by broken line It is the absolute 
ipparentlh 


curvili 


trajectory which is indicated, 80 that the 
vertical ascent and descent of stage I is seen as 
point 6 (jettisoning of stage \ it TRIS 


stage VI has initially t iccelerate up 


near After 
meters sec 


the lower orbital velocity then 


784s meters sec 


period of waiting, the transitional impulse 


up to 7978 meters sec. for orbit | 


follow the 
the upw urd sweep 
over the bridging ellipse and the peak impulse (fron 
74§2 up to 7582 meters sec. for orbit | 
tinal do« king Vhe verall duration of ascent amounts 
to about 6 


minutes 


For all practic ul purposes, the initial stage, whose 





weight amounts to about et veight 
of the entire agerevgate le for 
further operatio Even ection 
loading of the empty rocke ut 
5 Kg per square meter c can be 
reduced to about 350-400 kg square meter by extending 


the braking vanes which are designed to hold back 


] 


stage | after complete fuel combustion—the terminal 


fall velocity will nevertheless be in the range of about 





t will be necessary ¢t hay " landing pilot’ carri 
vith the initial stage, who will then bring it bx 
itel) to earth 

Stages II-V are crewless. Their flight ranges in the 
rajectory plane will terminally be shortened by air 
resistance ; the point of landing will be determined 
I the earth’s rotation during the period between 
ike-off and touch-down. For instance, if the take-off 
base is situated in the center of Australia (at 22' 
South and 135° West), that is to say in the region 
vhich is already projected for experimental long 
range rocket trials, stage Il would still touch down 
in the northern territories, stage IIL on the Cape York 
peninsula, stage IV in the Coral Sea and stage V in the 
Atlantic 

Understandably enough, the question of return to 


earth ilso rises 


1 


rockets must, 


the space 


is tr 
equa 
to th 


interpolated between the supply rockets 


deve 


Ch 
Ws By 


MO 


urcr 


necessary distance for security is attained 


The pilots arriving with the supply 
of course, be able to depart again from 
rn flight problems are, it 


station These re/v 


uc, somewhat involved, but nevertheless 


lly solvable 


le construction of special “return rockets” 


more 
Presumably, developments will lead 
to be 
Such return 


would then transport their payload during 


it in the form of a highspeed aircraft specially 


loped for return to the earth (which during climb, 


g to its bulk, would be partially dismantled and 


s form brought to the space station and assembled 


e return flight can be thought of approximately as 


means of a weak impulse, the return 


ift initially separates from the station until the 
Thereupon, 
s reduced to the value of the peak velocity 
e bridging ellipse by means of a stronger impuls« 


meters sec By this means, the 


4. Jettison of stage IIT: firing of stage [IV 


». Jettison of stage IV; firing of stage V 


6. Jettison of stage \ stage VI accelerates for 


the wer orbit 


I metcrs sec ind hence must he compensated by its spec 1 1 
opposing thrust For this reason, the initial stage will of th 
have to have a reserve fuel for descent. In addition, ipproximately 3 
Lateral projection of the ptimum tra tor f aseent of a feeder rocket 
l. Take-off of the initial stage (I 
2. Firing of stage II (stage | has already been separate 5 
3. Jettison of stage IL; firing of stage III 

6 Fd 
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MAN-BUILT SATELLITES 











Scientists are not yet in a 
ind size of their projected Earth Satellite St ns. 
However, there is one point on which they all ree 


namely, that the tate of weightlessness ab 


urtiticial satellite—due to the equilibrium between 


terrestrial gravitation and centrifugal force ust 


finally have adverse physiological effects on the crew 


For this reason it is thought to have the greater part 
of the station—at least the recreation rooms, an 
perhaps also the study quarters-—rotate about it n 
axis A British proposal (by R. A. Smith) for sa 


roundabout arrangement, with eight living rooms 


located at the extreme periphery, a central power 


station (with control devices, climatization equipment, 
etc.) and work quarters situated halfway along the 
radius The project illustrated here, which, desiyned 


by Erich Menzel, is taken from a film entitled “Rockets 


in Interplanetary Space,” due to be issued shortly 


by the “Institut fiir wissenschaftliche Filme” in Elan 


ven, Germany, provides for crew quarters in a rotating 


peat fhe mirrors connected hy cables with tl 


station are for illuminating certain areas ot the Lartl 
Profess ?f Obert! uvyvests using parabolic mirror to 


collect heat enereyv, and finally electrical energy fror 


the sun’s ravs, in which ca they should be couplk 
rividl vith the tation 

return reriutt suc | nN attaininy a lower of 
ifter a half-rotation of the earth tn the directix t 


mn. The altitude of this lower 





movement oft the 


orbit is so chosen that a certain braking effect results 


from the air resistance of the thin high altitude atmos 


phere Che altitude loss connected inevitably with 


illows 


earth nearer and nearet 


this effect the return aircraft to approach the 


throughout a closely pitche | 
spiral trajectory 
lo what extent this trajectory of descent becomes a 


“eycloidal” 


is a result of the lift forces acting on the supporting 


vlide with slowly decreasing amplitude, 


wing and the aerodynamic “supporting” fuselage 


surfaces which become effective with increasing air 


resistance, depends on the choice of the return ait 
craft’s dimensions and the selection of the trajectory 
of descent Thanks to thorough investigations by 
Dr. Eugen Singer, this question is already susceptibl 
of calculable solution 4, so that, together with the pre 
sent available experimental data concerning supersoni 
Hight, a technical solution of the problem of return 
is possible. Hence, after the return aircraft has suth 
ciently reduced its speed and flight altitude during 
repeated rotation about the earth, it can glide down 
to a supply station or other airport. It goes without 
saying that a sufficient amount of fuel must be availabl 


on board in order to undertake the necessary trajec 


corrections and to permit landing itself 


It is perfectly possibl that other reasons mi 


prove ot dec IsSIVE import ince 1n the choice of in ofr 
tor the space station, or that other ascent procedutr 

P r 
might be preferred in order to reach this orbit. In all 


probability, the supply rocket will in its final for 
take on a quite different appearance to that outlined 
here. The order of magnitude of the figures previou 
cited, however, will not be changed to any essent 


With this data, 


made which show tl 


extent by such alternative possibilities 


expenditure estimates can be 


the construction of such extra-terrestrial bases 
feasible not only in the technical but also in the finance 
sense. Hence, in conclusion it may be said that 


station is by 


onstruction of an interplanetary 


means a task for the remote future, but can be beg 


in the immediate present 
‘ Cf. Dr. E. Sanger The Prospects of Jet React 
Flight’ in INTERAVIA, Review of World Aviatio 





ember, 1948, 
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This Moon Madness 


Ein tein, I think, might be somewhat 
bewildered by the telling. 

Six-feet-tall men shrinking to under five 
feet. 

Voices booming through space where there 
is no air, and echoing back. 

Infinity that you can reach out and touch, 
and has the feel of black velvet. 

Strong men spending two long days walking 
a distance of ten feet, one hundred thousand 
miles outward bound from Earth. 

\ sight-seeing stroll completely around the 
fifteen-mile rim of a crater on the Moon 
three minutes, walking slowly. . 

Relativity gone completely mad, irrational ! 

But when you’ve had a good dinner, and 
settled down with the memory of the smile of 
the attractive red-head who sold you your 
admission ticket ; and the screen suddenly is 
suffused with brilliant make-believe, everything 
suddenly clicks back into place. 

Time, space, and the affairs of the four 
adventurers hurtling moonward, and_ back 
again, all become logical and leave one quite 
ready to live with them man’s first flight to 
the Moon 

In fact, you find yourself wondering, with 


in Technicolor. 


the audible audience about you : 

“T wonder... it seems so reasonable... it 
could be that way...well, couldn’t it ?” 

Which, of course, is exactly what Hollywood 
hopes you will wonder as you come away 
from seeing “DESTINATION MOON.” 

\t one time the producers had hoped that it 
would be a smash attraction as America’s /irs/ 
interplanetary travel thriller; the first space 
travel melodrama since Germany’s offering at 
the time Oberth and the others were fooling 
around with nasty little experimental rockets 
which made the life of a rocket scientist 
interesting and a poor insurance risk. 

The advertising was ready, and publicity 
was beginning to flow, when there was dirty 
work at the crossroads of Hollywood and Vine. 

\nother studio tossed together a fantasy in 
ten days of frantic camera shooting, titled it 
“ROCKETSHIP XM” and 


hurried before 
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the eyes of movie fans with ads explaining 
that “XM” “EXPEDITION 


MOON.” 
Filmdom’s top gossip columnists moment- 


stood for 


arily were frozen in their tracks, eyebrows and 
envenomed pens poised, awaiting the resound 
ing slap and... at dawn; ten paces ! 

All that came of it, though, was the deletion 
of “EXPEDITION MOON” 
“ROCKETSHIP XM” advertising. 

It still didn’t help matters much. 


Producers of “DESTINATION MOON” 


from the 


no longer could hope to beat the drums of 


publicity with first showing of a space travel 
picture. 


All they had left was an excellent movie 


All set for the ride to the moon, this 150-ft. colossus of sheer, shiny steel is standing on a... 

















which at the moment is brightening the eyes 
and bank accounts of theater owners who had 
trembled at the prospect of another space 
ship story in a matter of weeks after they had 
shown “XM.” 

An excellent movie despite the fact that 
it violates the tradition of Hollywood. 

[t is probably the most sexless movie ever 
filmed. 

For one briefly lingering moment a woman 
is in the picture, the wife of Dr. Cargraves 
saying farewell as he is about to board the 
towering space rocket poised on the Mojave 
Desert. She is there for a moment, then gone. 
(nd it is quite all right as far as the audience 


is concerned. 


dining-room table 





pucker their faces as though under the influence of an acceleration of several *G’. 


How George Pal, the producer, ever sold 
his financial backers on putting even the scant 
$1,200,000 which “DESTINATION” is sup- 
posed to have cost into a movie sans sex 
remains one of the lighter mysteries of Holly- 
wood. 

Maybe he told them with a self-answering 
question : 

“Where are you going to put women in a 
space ship which can only carry four, and 
they have to be men ?” 

And: 

“Besides, we're going to have problems 
enough.” 

Problems ? 

They were all over the place when I visited 
the set just as they were settling down to the 
really serious shooting of the action midway 
Moon a 


barnlike building, the biggest sound stage 


between Earth and gargantuan, 
on the lot. 

Already a precious, costly day had gone by 
trying to get three of the spacesuit-clad stars 
to float “weightless” in the neutral gravity 
of outer space, out of an open hatch in the 
side of a silvery section of rocket hull lying 
securely timbered in position on the floor. 

Time after time crews of husky prop hands 
just out of camera range at either end of the 
hull had grabbed ropes and run at the cry of 


**Camera ! rt 


Action ! And time after time the 


red, blue and green-suited figures in the 
fishbowl! helmets had popped into view dangling 
and swaying at the ends of piano wires at- 
tached to body harness concealed within the 
suits. 

They were to attempt repair of a collapsable 
radio antenna mast which had frozen in outer 
space. 

“Two days, and they can’t even walk ten 


feet !”’ 


04 


Invisible wires fastened by strips of adhesive paper make the intrepid astronauts 





With rocket motors turned off, the free fall through 
space begins. The passengers don boots with magnetized 
soles, enabling them to come and go without the assist- 


ance of gravity 


It took the actors in ‘Destination Moon” a couple of 
days to learn to move about in space gracefully—and 


realistically—suspended from slender wires of steel. 





i) 








































Passengers, accompanied by bananas and sandwiches, float about in a “‘ weightless” 
condition in the space-ship’s cabin (invisible wires helped to counteract gravity ...). 


There was anguish in the voice of the 
assistant director as he said it. 
My good friend Bob Heinlein, sitting in a 


director’s chair with a blanket about his 


shoulders ; nursing a miserable cold and 


surrounded by a forest of spotlights, ladders, 


| electricians, publicity men and third assistant 


cameramen gave a hollow laugh, half cough. 

It was to be our first meeting, and maybe 
our last, but film lot tradition holds that the 
most casual contact be one of “God, its good 
to see you after all these years old pal, old pal, 
old pal !” 

Ben Babb, the publicity and advertising 
“DESTINATION” | had 


suggested it, and pointed him out : 


master mind = of 


“T want you to meet Robert A. Heinlein, 
the famous space travel novelist who wrote 
‘DESTINATION 


Just watch out for his cold. Its a 


the original script for 
MOON.’ 
dilly.” 

As the colored figures again popped out 
of the rocket hull with jack-in-the-box awk 
wardness Heinlein chuckled again. 

“Its marvelous! I’m supposed to be the 
expert on these sequences, on what happens 
in outer space. And so. I just sit here, nursing 
a cold.” 

I had thought that his job had been com- 
pleted with the writing of this. I had in my 
hand a “final revised script.” 

With an air of resignation he said that the 
script wasn’t his story. 

**About all that is left in there of my original 
writing is a few pages of technical notes in the 
script appendix... sort of a guide for accuracy 
in some of the shots. In fact, I’m guessing 
that great big chunks of the ‘final revised 
script’ will be missing when you finally see the 


picture on the screen.” 





VOLUME 





" 





A dr 
hull, 


him 1 


All 
of | 
cabl 
T 
curt 
sem 
blaz 
as ¢ 


ings 








A dramatic incident in the film : 


hull, the magnetized boots of one of the explorers lose contact with the ship, leaving 


him faced with the prospect of remaining forever a “celestial body”’ lost among the stars. 


Mr. Heinlein, author, apparently had ‘‘dis- 
covered” Hollywood ! 

Apparently the timing between rope pullers 
and actors piano-wired for space flotation 
had been coordinated. 

This’ll be a take.” 


The outer doors of the stage swung closed. 


“ soe f 
Qui-et ! 


\ll was in darkness except for yellow puddles 
of light dimly illuminating, for safety, the 
cable-strewn floor about the camera stands. 

“All right, lets have the stars !” 

The seemingly limitless void of black velvet 
curtains draped from ceiling to floor in a vas 
semi-circle beyond the rocket hull instantly 
blazed with a thousand little lights, rendered 
as coldly blue as distant stars by filter cover- 
ings. 

“Lights !” 

From high in the rafters batteries of care- 
fully angled spotlights “hit”? the space ship 
hull with dazzling impact. 

Roll ’em !” 


Swiftly, smoothly, one behind the other, 


“Its a take ! 


as easily as if they’d been doing it all their 
lives, the helmeted figures of the space explo- 
rers came floating up out of the open hatch. 
Their colored garb glowed with glittering 
the 


poised in 


brilliance under hot lights, and they 


briefly stood realistic ‘‘space”’ 
against the background of countless stars 
before they turned and walked side by side 
slowly around the far side of the curving 
hull and were lost to view. 

The cameras were not running on sound 
track at the time, so the squeak of pulleys 
and straining of ropes as they were lowered 
to maintain their “upright” position walking 
around the hull didn’t matter. And the camera 


didn’t “see” far enough around the hull to 
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during a tour of inspection around the space ship's 





floor of the studio. A safety net was used in certain takes . 





Propelled by the jet reaction from oxygen bottle, another astronaut comes to his rescue 
(rescuer and rescued were both suspended from steel wires, about a foot from the 


. . just in case the “weight- 


less’? actors might still have a few pounds too many left in them !) 


catch them concluding their “walk” lying 
with simple dignity, still half-supported by 
their wires, in a safety net just off the floor. 
“Ce i 
The spotlights faded to angry dull-red eyes 
The 


seemingly aimless throng of production wor- 


above. The stars suddenly vanished. 
kers began milling about again. Pal, the pro- 
ducer, a small man with eager, quizzical eyes, 
turned his head upward. High above, on the 
camera platform, the cameraman smiled and 
nodded : “It looked pretty good from where I 
gig 

Doors opened. California sunlight flooded 


in. And the man with the garden spray 


Having landed safely in the crater Harpalus, the explorers rig up a Schmidt telescope. 


meer TM 
i eee a ‘ell 
INTERTOAVIA 


watering pump slung over his shoulder resum- 
ed his 


floor as if he really hoped that roses suddenly 


spraying of the splintery wooden 
would appear and burst into bloom. 

Actually, he was wetting down the “star- 
dust” of this spot one moment in Hollywood 
and the next 100,000 miles away. 

“All this walking around,” explained a 
cameraman, “raises particular hell with trying 
to shoot space that is supposed to be filled 
with nothing at all except stars and the space 
ship. That’s why we keep wetting down the 
floor. When the spots are turned on even a 
little dust floating in the air is likely to show 
We 


up on the film as a light, shifting fog. 


Above, at left: the Earth. 
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just hope, after we’ve made a take, that the 
rushes will show that we’ve missed it. Angling 
the spots just so, helps some, just as the cut- 
and-try angling of the spot beams helps us to 
fade out the piano wires.” 

The actors again were on the top of the 
hull, waiting for the next scene while workmen 
with long poles ran sponges soaked with 
lampblack up and down their supporting 
wires to kill the light reflection on the silvery 
strands. 

Behind us, cradled in massive gimbal rings 
which allowed it to be rotated in two direc- 
tions at once before the baleful eye of the 
the of 


the space rocket was being readied for a re- 


“cc 


camera, instrument-cluttered ‘‘cabin”’ 

take of a sequence which had been rejected 

when the daily rushes had been shown. 
Rotated to horizontal position or upside 


with 


magnet-soled boots it gave to the camera, 


down as the rocketship crew walked 
also rotated on its side and upside down, the 
perfect illusion of the crewmen walking easily 
up the cabin walls and across the ceiling of the 
tiny room. 

Near by, in another sound stage building, 
the **Moon”’ 


of the sequences in which the spacemen land 


was being readied for shooting 


perilously on the crack-scarred plain within 


the crater Harpalus, the dun-colored rim 


rocks of the ‘‘vast”’ crater blending into the 


Lunar landscape stretching beyond as far as 


the eve could see. 


Midget actors had to be used in this seen 





to make the proportions “ring true.’ 


“Its about fifteen miles around the rim as 


you'll see it in the finished picture. Care to 
walk around it ?” Babb asked. 
The space and surface distance that was 


breathtaking as we had stood in the entrance 


door dwindled suddenly to disappointing 
reality as we walked around the huge circular 
“table” supporting the crater’s surface, follow- 
ing a narrow corrider on the far side of which 
a giant, ceiling-high landscape mural encircled 
the set ; a laboriously executed painting laid 
out by the noted “planet” artist Chesley 
Bonestell. 

As the true size of the “Moon” set came 
into focus Babb sensed my question. 

“T know. What will we do in this small 
space to make the actors appear relatively 
small as they move out of the close-up shots 
and start walking away across the surface of 
the crater ? 

“Its quite simple. We'll shrink them until 
they fit into little, tiny space suits ! 

“But really, what we'll do is this. After 
the close-ups we'll do a switch between shots, 
using professional midgets in small suits, 
and planting a nine-foot model of the rocket- 
ship over there on that level spot so that with 
the midgets fairly sizeable in the foreground 
it will appear that they are ‘exploring’ the 
landscape a mile or more distant from the 
rocketship.” 

\ll very reasonable as he outlined it. Yet, 


standing there with the cruelly harsh landscape 


The “distant” space-ship is just 








stretching out around and above us, beyond 
the crater, it was fantastically eerie. To think 
that we had encircled the crater in not more 
than three minutes, strolling slowly ; to hear 
our voices leap back at us from across what 
must be assumed to be an airless land. 

I should have liked to have been present 
when Dr. Fritz Zwicky, the noted astronomer 
and astrophysicist was a visitor on the Moon 
set. 
Babb, gag-minded, thought what a won- 
derful stunt it would be for Dr. Zwicky to 
have ill-concealed on the papers on his desk 
a photograph of himself standing in Crater 
Harpalus, with Earth glowing brilliantly above 
What 
he had in mind was strictly from Hollywood, 


the distant peaks in the background. 


Or was it Moon madness ? 

“Can you imagine the effect when, some 
day, a Top Brass General from the Pentagon 
drops into his office to ask the Doctor what 
he thinks are the chances of achieving outer 
space flight... and then, out of the corner 
of his eye, he sees that picture on the desk! 

“Dr. Zwicky would only have to ask, in 
reply, one little question: ‘Are you sure, 
General, that it has not already been done ? 

“The General wouldn’t dare ask questions 
about anything so top secret that he hadn’t 
Boy! What a flail that would 


stir up when he got back to Washington !” 


heard of it. 


The Moon set does things like that to you. 
Out in the sunshine, walking back across 


nine feet high. 

















yond the lot, Babb figured that maybe it might not 


hink be such a good idea after all. 


more All about us lay the litter of the massive 
hear props, the huge tail fin section of the rocket- 


what 


ship, the big cranes and camera booms, all 
used in capturing the excitement-packed story 
of man’s first landing on the Moon, 

Yet the props and gear for some of the 
biggest, in size, scenes in the entire picture 
could be rested on the space of your office 
desk. 

For example, the night takeoff scene on the 
desert where the rocketship rests poised for 
the blast-off of its nuclear reactor motor. 
Cars, dwarfed beneath the 150 ft. high monster, 
swerve about the slender steel framework of 
the gantry supporting the elevators in which 
the crewmen ride up to the space ship’s flight 


Back to their normal size again, the lunar explorers choose the equipment that they will jettison to lighten their k 
deck near the nose. As the warning siren 


space-ship for its journey earthwards. 
wails the automobiles dash away to safety, 


Senting in pngnee 06 anh ee ee and slowly the gantry frame moves away 
from the ship. 

The entire sequence actually is a “‘process” 
shot made in a laboratory with a rocketship 
model standing only three feet high and 
surrounded by a toy gantry which required 
three weeks to build. 

The takeoff sequence, inside the cabin, 
was made in the gimbal-supported structure 


on the sound stage, and with tiny wires run- 








ning to adhesive to pull the faces of the actors 
into agonized disfiguration as they are crushed 
down into their takeoff couches by the force 
of a 6-g. acceleration. Once the “speed of 
escape” is reached, and the rocket blast is 


shut off, faces are eased from the pulling 





tension, and the crew can enjoy the televised 
picture of the receding Earth. 
A “process” shot, though, and one which 


puts one on seat’s edge, is the “televised” 


shot from the space ship toward the Moon’s 
surface as the rocket drops tail first upon its 
blast column and narrowly misses a jagged 
Moon peak on the way down to a rough 
landing. 

It is “good theater” from start to finish—a 
finish which leaves the space conquerors 
safely off the Moon’s surface and en route 
home. 

You are forced to assume that all will end 
well on the Earth below, or above if 
mind still is with the heroes in their cr 
cabin. 

It avoids the problem of distracting you 
by having women, wholly foreign to the 
plot, appear suddenly on the scene with 
floral wreaths, tears, kisses and the like. 

It lets you stay with your dream as the 
screen goes blank and a post-title suddenly 
appears in giant lettering : 

“THIS IS THE END... 

“OF THE BEGINNING !” 


VOLUME V No. 10, 1950 














PRESIDENT 


a" to attain the same sublime ideal, men 
throughout the most diverse countries of the world 
have placed their knowledge, means and time at the 
service of the cause of astronautics. 

It is their story that we now propose to relate. The 
reader will fird here names and dates, but, in perusing 
this article, he will scarcely be aware of the sacrifice, 
the fight at all moments that only sincere faith could 


Sustain ayainst lwnorance ind sceptic ism. 


RUSSIA 
In 1896, Constantine 


Ziolkovsky, 


intrigued by the semi-scientitic considerations outlined 
he 


Edvardovitch 


in the “New Principles of Interplanetary Navigation’ 
A. P. Feodoroff, enthusiastically devotes his time to a 
study of the daring perspectives to be discovered there. 
In 1903, the fruits of his research are synthesized in a 
simple schematic description of a cosmic rocket. 
Basically simple, it is true, but how prophetic 

His investigations, the study on = “Sideration,” 
published in 1910 by Dr. Jakov I. Perelman, the 
articles by the engineer M. A. Zander appearing in 
to1t, all foreshadow the foundation in 1924 of a Com 
miission for Inte r piane lary Communication at the Acaden 
of the Red Fleet in Moscow by Professor W. P. Vet 
chinkin, to whom we also owe a number of mathe 
matical memoirs on interastral navigation In the 
course of the same year, the first review on reaction, 
entitled Rakefa, was to have appeared, but the project 
was not realized. 

In 1928, the Sekzia isledovania problem mejplanetnih 
soobchteni (Section for the Study of Problems relative 
to Interplanetary Navigation) ts founded at the Institute 
for Bridges and Highways in Leningrad. The first 
international astronautical exhibition, organised by 
Professor Feodoroff, is held in the same year. 

In November, 1929, Dr. Jakov I. Perelman and 
Professor Nikolai Aleksejevitch Rynin establish in 
Leningrad and Moscow the Groupa Izoutechinia Reakti 
novo Dvijenia (Group for the Study of Propulsion by 


!and Lengrid. 





Reaction), commonly called Mos 

These movements remained in close contact with 
K. E. Ziolkovsky who, at the age of 72 years, continued 
from his place of retirement in Kaluga to give generous 
manifesting enthusiasm for 


advice to all those 


astronautical science !. 





1 The author of this article owes a great deal to 


K. E. Ziolkovsky for his initiation in this subject. 


Phe 


Professor Werner Schaub, 
President of the Society for 


Interplanetary Research. 





Alexandre Ananoff, President of the Groupement Astro 
nautique Frangais and Chairman of the First Interna 


tional Congress on Interplanetary Travel 
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Astronautics Enthusiasts 


BY ALEXANDRE ANANOFF, PARIS 


OF THE FIRST INTERNATIONAL ASTRONAUTICAL 


Up to 193§, various movements of greater or lesser 
importance are initiated and later go into oblivion ; in 
1936, a number of sections are formed in Moscow and 


Leningrad under the auspices of official government 


be dies 
The most important ts the Reaktivnoia Sekzia 
(Section for Reaction) of the Stratospheric Committee of 


the Union Ossoviahim USSR, who periodically publish 


Driven 





the Reaktirnor 


GI:RMAN) 

It is indisputably to the remarkable work of Pro 
fessor Hermann Oberth, « Die Rakete zu den Planeten- 
raumen The Rocket to Interplanetary Spaces), 1934, 
that we owe the foundation in June, 1927, by Engineer 
Joh innes W inkler ot the | ere’ hur Raums hiffabrt 
Association for Interplanetary Navigation), and the 
monthly publication throughout three years of the 
review Die Rakete The Rocket In 1930, the 
Society was transferred to Berlin. Its Committee was 
composed of H. Oberth, Hoettt, Valier, Hohmann ; 
vithin the first few vears more than 5 members 
were recruited 2, 

During the next ten years there are practically no 
active societies, the efforts of the engineers being 
directed towards practical projects and the Government 
of the Third Reich having forbidden all propaganda 
dealing with rockets. 

On June 18, 1937, Hans K. Kaiser founds, first 
in Breslau and later in Berlin, the Gesellschaft fiir 
Weltraumforschung (Society for Interplanetary Research) 
and is highly active up to the war. For purposes of 
propaganda, the Society distributed a leatlet inserted 
in all numbers of the ‘“ Astronomische Rundschan” 

Astronomical Review) and from January, 1939, it 
published its own bulletin, ‘‘Weltraum”’ (Cosmos). 

After the war, in 1946, administrative difficulties 
putting a brake on all initiative, the principal colla 
borators of former times decided to establish local 
societies in Western Germany, in order later to re 
In 1947, Dr. W. 


constitute the organization of 1937. 


2? We are informed that Engineer Albert Pullenberg 
had founded the Gesellschaft fur Raketenforschung 
(Society for Rocket Research) and, between 1931 and 
1934, the Deutsche Versuchsanstalt fiir Raumfahrt (Ger- 
man Experimental Station for Interplanetary Naviga 
tion). We publish this information with all due reserve 
owing to lack of precise reports concerning the two 


organisations, 





Rickert, \. V. Cleaver, Chairman 


Hans Joachim 
Vice-President of the Aus of the British Interplan- 
etary Society. 


trian Society for Inter- 


planetary Research. 


INTERZSPAVIA 


CONGRESS 


Goethe founds the Sédwestdentsche Gesellschaft fiir 
Weltraumforsching (South West German Society for 
Interplanetary Research), authorized by the US Military 
Government on February 5, 1948, in Frankfort. Its 
program deals exclusively with the study of theoretical 
problems. 

In the same year, in Hamburg, Hans K. Kaiser 
founds the .Nordnestdeutsche Gesellschaft fiir Vi e/traum- 
forschung (North West German Society for Interplanetary 
Research), officially authorized by the British in 1950, 
Vice-President is H. J. Rickert, formerly an enginecr at 
Peenemiinde-West, and Director of the Scientific 
Committee is Gerhard E. Janzon, a former associate 
of Professor Oberth. The Society edits its own 
periodical. In 1948, at the instigation of H. Gartmann 
and H. H. Kolle, an Arbeitseemeinschaft fiir Weltraum- 
fabrt (Study Group for Interplanetary Navigation) 
is formed at the Stuttgart Observatory ; about 
40 students of the Polytechnikum constitute the active 
nucleus of the Society. In June, the movement assumes 
the name of Gesellschaft fiir Weltraumforschiung e\ 
Society for Interplanetary Research) and_ publishes 
the journal ’“We/traumfabrt”? (Astronautics). lhe 
predominant aim of the G.f.W. is to establish a com- 
mittee of engineers and specialists whose task it will 
be to design a lunar rocket, at the same time without 
Military 


Commission, which authorizes theoretical research but 


infringing Law No. 25 of the Control] 


bans all practical experiment. In January, 1950, the 
G.f.W. establishes the Hermann Oberth Medal, the 
first award of which was made to Alexandre Ananoff. 
Its Directive Committee is composed of : Honorary 
President, Professor H. Oberth ; President, Dr. Wer- 
ner Schaub; Representative and Director of the 
Technical Section, H. Gartmann; Secretary, H. H. 
Kolle. 

In the Eastern Zone H. Ruppe and Litterst set up 
an Istronautische Irbeitsgemeinschaft (Astronautical 
Study Group) in 1948; on April 26 of the same 
year, it is amalgamated with an analogous society at 
Lucka, taking on the appellation lereinigte Astro- 
nautiscle Irbeitsgemeinschaft (United  Astronautical 
Study Group), publishing a monthly bulletin “Ad 

Istra’’ since August 1, 1949. Its Directive Committee 
includes : Honorary President, A. Ananoff ; President, 


N. Litterst ;  Scientitic Directors, H. Ruppe and 


W. Strubbel. 


1USTRIA 

In 1926, the Osterreichische Gesellschaft fiir Hahen- 
forschung (Austrian Society for High-Altitude Research 
is founded in Vienna by Dr. von Hoefft, to be replaced 
shortly by the Osterreichische Gesellschaft fiir Raketen- 
techni, (Austrian Society for Rocket Technology) 
formed by the well-known technician G. von Pirquet 
and Zwerina. 

After the war, two groups come into being : one in 
Vienna with G. von Pirquet, Dolezal, Schmiedel, and 
the other in Innsbruck, the Osterreichische Gesellschaft 
fiir Weltraumforsching (Austrian Society for  Inter- 
planetary Research) founded in August, 1950. ‘The 
latter has as President Dr. Ferdinand Cap and as Vice- 


President J. Riickert. 


UNITED STATES 
The American Interplanetary Society, founded in New 
York in 1930 by G. Edward Pendray and David Lasser, 


is the first astronautical society to be established in the 
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United States *. Since its foundation, it has gone over 
to practical realizations in constructing and trying out 
rockets analogous to those designed at that time by 
Nebel and Oberth at the Raketenflugplaty (Rocket 
Aerodrome) near Berlin. In 1934, the Society changes 
its name to American Rocket Society and its periodical 
becomes the ‘Journal of the American 


«Astronautics 


Society.’’ The Society is also interested in the 


Its New York Directive 


Rocket 
military utility of rockets. 
Committee is composed of : President, Mordon Gerla ; 
Vice-President, James Wheeler; Secretary, James 
Nut, Jr. 

[he A.R.S. is affiliated with the commercial enterprise 
Reaction Motors Inc., established in 1940, who under- 
take research on behalf of the Government ; it goes 
without saying that these are on the Secret List. 

The A.R.S. 
California group, founded on February 17, 1949, has 


the Washington, D.C., group 


has several athliations ; the Southern 


its seat in Los Angeles ; 
was established on March 7, 1949. 

Amongst other associations interested in rockets, 
mention can be made of the Cleveland Rocket Society ; 
the Peorta Rocket Society ; the Reaction Research Society 
Detroit Rocket Society; the 


in Glendale, Calif.; the 


Pacific Rocket Society; and finally, the US Rocket 
Society *. 
ENGLAND 


In October, 1933, P. E. Cleator founds the British 
Interplanetary Society at Liverpool. Debates, lectures, 
visits Of inspection as well as the publication of the 
‘Bulletin of the Interplanetary Society” 


1934) render this Society one of the most 


British (since 
January, 
ictive. 

On October 27, 1936, the B.I.S. transfers its head 
quarters to London and Professor A. M. Low, D.S.C., 
assumes its direction. Its activities are terminated in 
1939 only with the declaration of war. 

The history of the British astronautical societies is 
somewhat obscure and, prior to the appearance of a 
sole national society, a considerable number of move- 
ments existed. Thus, in 1936, E. Burgess founds the 
Manchester Interplanetary Society, of which he becomes 
President, and which has published a periodical “The 
dstronaut’’ since April, 1937. In the beginning of 
1937, J. D. Steward founds the Paisley Rocket Society 
in Scotland, which constructs and fires a number of 
rockets. 
founded by H. Gateliffe and the Hastings Interplanetary 
A. Clarke, both of whom affiliate with 


in 1938. 


In the same year, the Leeds Rocket Society is 


Society by J. 
the B.I.S. 

In December, 
within the Committee of the Manchester Interplanetary 


1937, as a result of disagreement 
Society, two of its members, T. Cusack and E. Burgess, 
form The Manchester Astronautical Association, which 
remains active during hostilities and publishes a 
K. W. Gatland founds 7he 


which 


periodical “Spacewards.’’ 


\stronautical Development Society at Surbiton 
unites with the Manchester Interplanetary Society in 
form The Combined British 


which has four Sections in 1945, directed by 


1944 to Astronautical 

i) lees, 
, Burgess in Manchester, L. Gilbert in London, G. Ri- 
chardson in the Midlands, and G. Robinson at Tyneside. 
The C.B.A.S. publishes a review. 

However, these “spontaneous” births have no effect 
other than to disperse efforts and hinder astronautical 
progress. For this reason, on September 25, 1945, 
those responsible for the various movements decide in 
common agreement to create a national society which 
will reassume the former title of British Interplanetary 





> It would seem that in 1918 there existed a Rocket 
Society of the Academy of Sciences. Owing to lack of 
precise information, we cannot confirm this. 

‘ It should be recalled that there was a Yale Rocket 
Club in 1935, an American Institute for Rocket Research 
in 1936 at Chicago, and a Westchester Rocket Society 


in 1936. 
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Prewar literature on space travel. 


Society. ‘Thus, since January 1, 1946, there exists in 
England a sole and unique society, that of London. 
Administrative Cominittee — is 
A. V. Cleaver ; 


Ph. D.'; 


For 1949-1950 its 


composed of : President, Technical 


Director, L.R. Sheperd, Secretary, L. J. 


Carter, S.C.I1.S.5 


FRANCE 

In France, the astronautical movement is initiated 
Esnault- 
The first 


with the celebrated conference held by R. 
Pelterie at the Sorbonne on June 8, 1927. 
important manifestation is the Astronautical Exposition 
held at the Palais de la Découverte in 1937. 

On May 9, 1938, the Société Astronomique de 
(French Society) grants us 


France Astronomical 


permission to meet at its Observatory for a certain 
time “on a trial basis only.’ It would seem that this 
was conclusive, since the astronauts held their meet- 
ings there until September, 1939. 

At the cessation of hostilities, the Société Astrono 
mique de France withdraws its support from astro- 
nautics, maintaining that this had served no purpose 
other than the invention of lethal weapons ; in conse- 
quence, we approach the Aero-Club Universitaire et 
Scolaire de France (University and College Aero- 
Club of France) and, together with its President, 
M. Monier, we create an Astronautical Section on 
July 6, 1945. 

On April 16, 1946, astronautics figures amongst the 
agenda of the National Congress on Aviation. In 
July, the first French astronautical bulletin “1” As¢ro- 
nef’’ appeared ; four issues only went into print. 

In 1947, astronautics again is listed amongst the 
agenda of the National Congress on Aviation ; on 
July 6, on the initiative of M. Leveillé, we organise, 
together with H. Mineur, a permanent exhibition of 
astronautical developments at the Palais de la Décou- 
verte. 

In the same year, the Astronautical Section of the 
A.-C. U.S.F. is incorporated with the Aeronautique- 
Club de France (French Aeronautical Club) and is 
designated as the Groupement Astronautique Frangais 
(French Astronautical Group). Its administrative body 
President, A. Ananoff; Secretary, 
The ‘“Astronef’’ is 


is composed of : 
M. Budry ; Treasurer, M. Gras. 
to appear as a quarterly from September 30th on, 
notably the occasion of the First International Astro- 


nautical Congress. 


SPAIN 

The first Spanish society is now being formed in 
Madrid. 
ment mining engineer, has been able to interest other 


Its founder, Tomas Mur Vilaseca, a Govern- 


engineers in the subject. 


5 In addition, there has been a Rocket Club at Cambridge 
since 1941 and a Rocket Research Society since 1940. 
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ROCKETSCIENCE 


Present-day works on the same subject. 


NETHERLANDS 

At present there exists no astronautical movement 
in the Netherlands. ‘There was, in 1934, the Neder- 
landsche Raketenboww (Netherlands Rocket Manufacturing 
Company) at The Hague, founded by Gerard A. G. 
Thoolen for the purpose of designing and experiment- 
ing with explosive-powered rockets for mail carriage. 


CANADA 


An astronautical society exists in Ontario, namely 
the Canadian Rocket Society, founded in 1948. 


ARGENTINA 


The Sociedad Argentina inter-planetaria (Argentine 
Interplanetary Society) was established a number of 
years ago ; headquarters is at Buenos Aires. President, 
Teophil M. ‘Tabanera, Professor at the University of 
La Plata ; Secretary, R. Martinez de Vedia, engineer. 


AUSTRALIA 
In 1936, an Rocket Society 
Brisbane, whose chief interest was mail rockets. ‘The 


Australian existed in 
latest society at this date, founded in Melbourne in 


1941, bears the same name. 


THE FIRST INTERNATIONAL 
ISTRONAUTICAL CONGRESS 


What is to be learned from this survey ? That the 
general tendency is the amalgamation of the various 
smaller movements, originating by virtue of the 
progress realized during the war, into a single large 
national society. 

Notwithstanding, differentiation must be made _be- 
tween societies with an official character such as the 
American Rocket Society, or the Reaktivnoia Sekzia of 
the USSR, whose chief preoccupation is rockets solely, 
and astronautical associations in the proper sense of 
the word. The former are engaged chiefly in the 
immediate applications of auto-propulsion, whereas 
the latter have an interest in far larger perspectives and 
concerning all problems 
We emphasize this 
particular nuance simply because it does exist. Nev- 
erthe ess, it is fundamental to realize that even though 


undertake investigations 


touching on cosmic navigation. 


the astronauts reproach the military rocket technicians 
with following an aim which is too much “earth to 
earth,” they know full well that they cannot remain 
indifferent to the progress accomplished by these latter 
with the important financial means allocated to them. 
We merely request those whose interests are primarily 
astronautical not to forget that there are also the 
technicians and those whose interests are primarily 
technical not to forget that there are also the astronauts. 

These latter met for the first time in Paris from Sep- 
tember 30th to October 2nd. More than ten countries 
were represented at this meeting. Even though the 
Congress give birth to an /nternational 
Centre for Astronautical Study and Research, this first 
world congress will nonetheless mark an important 
milestone towards the achievement of interplanetary 


does not 


navigation. 


a eo ae 


USS “Norton Sound,” a floating laboratory for remote-controlled rocket trials, 
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should of the fact that the 
“Viking,” produced by the Glenn L. Martin Co, Air 
craft factories in Baltimore, is a purely experimental 


notice be taken here 


prototype, and that only ten such will be produced 
rhe 


tccount in 


each trial is 
ot 
the | 
remote controlled 

superior to the German V2. So far, the record altitude 
of 185 km obtained by the V2 
passed. Nevertheless, the last “Viking” 
“Norton Sound” 
established a record single-stage 
With this, a has he 


to a research program whose aim, on the 


ind tired. experience gained at 
the sub 


S Navy 


projec tile 


taken into the construction 


sequent projectile In this manner, 


hopes to develop i 


has not yet been sur 
fired from the 
reached an altitude of 170 km and 
for American 


further contribution 


thus 
rockets en 
h ind, 1s the Investigation ot the ionosphe re (tempera 

1 


tures, atmospheric densities, cosmic ravs), and on the 


other hand the of 


remote-controlled projectiles. 


development high-performance 


\ projectile of this type recently attained an altitude 











You are invited to subscribe... 


Do you like “ Interavia, Review of 


World Aviation’’? If you do, you 
will find that it is in your own interest 
to take out a regular subscription. 
Tell your friends, or subscribe for them 
—they will be delighted to have their 
names placed on our regular mailing 
lists. Subscription rates and addresses 
of agents to whom it would be most 
convenient for you to send your order 


are on the back of this card. 
































Rates and Agents 


Switzer! 
U.S.A 
France 


United Kingdom 


Italy 
Germany 
Netherlands 


| nsterda 
Belgium Belg. fr : , 1, II, Rue de 


Denmark 

Sweden 

Norway Kr. 40 
Austria S 140.00 
Hungary Fe. 84.00 


Finland 


Canada 


South Africa ne via P 
Johannesburg. 





2 
2 Kéy- 


iption 
treet, 


7063, 





Presentation of Arms in the East 


Soviet Russia’s Modern Airforce 


BY XY, MOSCOW 


There is no such thing as an ‘old Russian hand’’; there are merely those with varying degrees of unenlightenment... 


I. the Soviet Union a menace to world 
peace? Its own diplomacy and those in a 
position to speak for the countries behind the 


[ron Curtain would reply in the negative. 
Western diplomacy sees considerable cause for 


worry in the accumulating stocks of Russian 
armaments, in the Russian industrial potential 
and in the veil of secrecy drawn over all 
Soviet undertakings. The Soviet empire 
undoubtedly is a_ well-forged unity. Its 
present military strength can perhaps be 
compared only with that of the Third Reich. 
And a significant role is played in this display 
of power by the Red Air Fleet. 

The major part of the Russian Air Force 
despite the attribution of strategic bombing 
formations to the Navy—is still a component 
of the Army and hence a part of that renowned 
steamroller, proverbial since World War I. 
Should the worst occur, the Western Powers 
will be able to delay the advance of Soviet 
Russian tanks only if they can also hold in 
check the Red Air Force. 

From this somewhat simplified statement, 
however, it can be seen how important is the 
correct estimation of the quantity, quality and 
aims of the Russian air power. And the aims 
of the Western Powers ? First and foremost, 
the creation of an air force equal and even 
superior to that of the USSR. 


West... 


Soviet 


With the Friendly Collaboration of the 


During the last 
production effort 
mass production of types designed for imme 
diate military operation and of strictly orthodox 
In many cases, 
took 


war, the main 


was concentrated on the 


and even obsolescent design. 
simplicity of production 

precedence over fighting efficiency, though 
these relatively few types, operated en masse, 
main to fulfil their task 


procedure 


able in the 
successfully. 
Nevertheless, when, towards the end of the 
war, and especially after it, the newest types 
of the German Luftwaffe fell into their hands, 
and a number of aircraft of the Western Allies 
landed behind the Soviet front, the Russians 
were forced to recognize to what extent their 


were 


own air armament was behind the times. In 
point of fact, the Red Air Force had, by the 
end of the war, sunk—even numerically—to 
complete insignificance. 

This was the turning point. 
intense research and development 
inestimable collaboration of German engineers 
and equally inestimable aid of the British 
aircraft industry——have sufficed to make the 
Soviet air force one of the two most powerful 


Five years of 
with the 


in the world. 

This air arm can perhaps be regarded from 
the purely qualitative point of view as still 
transitional. However, the fact remains that 
large-scale production of modern jet types has 
now begun. True, the introduction of the 
new power plant and highspeed aerodynamics, 
together with the necessary refined equipment 
and electronic apparatus, has been a source of 
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immense difficulties to the Russians. Neverthe- 
less, the USSR’s latest mass-produced swept- 
wing fighters and jet bombers are in all pro- 
bability able to acquit themselves well against 
those of Western powers. And even though 
part of their formations are equipped with 
reciprocating-engined aeroplanes of war-time 
design—is this not equally applicable to the 
service flying equipment of the Western 
Powers ? And these more obsolescent types 
will in the meanwhile provide a most welcome 
“second combat reserve.” At any rate, in the 
event of an outbreak of hostilities, the newer 
types of Soviet aircraft would so handicap the 
Western Powers that they would have hardly 
anything left to oppose to. such reserve 
formations. 

The combat strength of the Soviet Air 
Force is today estimated by the Western 
Powers “officially” at 15,000 to 20,000 first- 
line aircraft. These, however, merely form 
the nucleus of an incomparably larger potential 
air strength, as the whole Soviet sphere of 


The BMW 003 turbojet 
Russia as M-003 R 
rocket thrust, at the end of the war. 
single-stage turbine. Meanwhile, its static thrust has be 
development, the M-018 for a 7,700-Ibs. (3,500-kgz) thrust, 
subjected to trials. 
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The JUMO 004 turbojet (Russian designation : M-004) a 
8,900 r.p.m., but has probably been increased meanwhile t« 
8-stage axial-flow compressor, six combustion chambers, » 
M-012, shows an I1-stage compress« 


(2,700 kg) static thrust at 6,000 r.p.m. 


r, eight combustion ch 


here fitted with a BMW 718 auxiliary rocket unit (for take-off) and henee 


had an output of 1,760 Ibs. (809 ka) 


influence has been made “‘airminded” to an 
unprecedented degree. This has been ac- 
complished to no small extent—-as in the case 
with Goering—by the mass formation of 
pilots, aircraft and aero engine technicians, 
who are recruited practically from the kinder- 
garden directly to the aviation training schools 
and the gigantic DOSAV organisation!. This 
latter gives elementary training in aircraft 
model making, gliding and later powered 
flight, parachuting, etc., at the same time 
promoting competition in aeroplane design. 
Hence, in the event of a new war, the Soviet 
Union or rather its air arm would hardly be 
likely to suffer from a shortage of personnel ! 

[n all probability, however, a more important 
bottleneck for the Soviet aeronautical industry 
lies in the procurement of tooling for the 
manufacture of aircraft, aero-engines and 
accessory equipment. 


' Dobrovolnoye Obstshyestvo Szodyeistviya Aviazya 


or Union of Voluntary Aviation Assistants 


designated in 
at 9,80) r.p.m. plus a 2,200-lbs. (1,000-kg) 


annular combustion chamber, 


static thrust 
ve axial-flow compressor, 

2,750 Ibs. (1,250 kg), and a further 
is heing 


n inereased to about 


with a 12-staze compressor and : re turbine, 


fd. 


ttained in Germany a 1,980-Ibs. (900-kg) static thrust at 
>a thrust of 3,080-3,960 Ibs. (1400-1800 kg). Construction : 
ingle-stage turbine. The further development, designated 


ambers as well as a 2-stage turbine and develops 5,950 Ibs. 
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performance and reliability of the Russia l 2as 


urbine engines. It is almost certain that not a 
single turbojet now being produced in Russia 

of purely Soviet design. Either German 
axial-flow developed BMW, 


Junkers and Heinkel-Hirth, or the centrifugal 


turbs jets by 


compressor types such as the Rolls-Royce 
‘Nene’ and “Derwent,” supplied by the 
British Government, have been used as 


prototype bases. 
\t any rate, during the period from 1945 
Soviet aircraft 


engines, 


the majority of 
Pow 1 with axial-flow 
to all appearance have 


new 
and 
not proved to be 
In fact, a number of proto- 
types, including promising four-engined 
bomber, are still not in service in quantity, 
It was with the delivery of the more 
advanced Rolls-Royce power plant that the 
position probably underwent a decisive change, 
The sweptback fighters now in quantity 
production—notably the MIG-15 and LA-17 

certainly appear to be equipped with centrifugal 
compressor units. Newer types, however, now 
notably in the attack 
are actually fitted with 
axial-flow From this it could be 
interred that operational reliability has now 


eres 


ver\ reliable. 


a 


only 


into production 


going 
bomber category 


turbs jets. 


also been reached in the case of axial-flow 
engine 

In the tield otf rocke/ poner plants, the Rus 
ians have their own experts. These have been 
given complete freedom of action and Ger 
man technicians and German research data 
have been placed at their disposal. A con- 


siderable amount of experimental work on 


rockets, as well as on 


Lf/erburning as power boost 


1d ramyjets, is 
ana 72) ’ 


by / cep 
WALA: 
pulse) 


S also i 


n development. 
s of high quality, 


for jet aircraft 1 


AVIHMAWENT \ 


Russian a/rcraft 


the significant feature being the use of very 


large calibers (40 mm and 53 mm) for ground 
target attack. Moreover, the development of 
rocket projectiles for air-ground assault has 


suffered no delay. The standard armament of 


bombers and fighters includes 20-mm_ and 
30-mm guns. True, some of the more recent 
fighters carry only two cannon, but there is 
a detinite risk that the Soviet weapons will 
outrange the 12.7-mm or 20-mm _ machine 


guns of Western Union aircraft. 

Finally, a whole host of 
problems have been encountered : ejector seats, 
etc. had to 
deve By the end of the 
var, the Soviet fighter pilot’s personal equip 


new ¢ GM pment 


heating, oxygen systems, be 


loped from scratch. 


ment was composed of the most essential 


items only ; of primary importance was that 
‘this crate flew.”’ Today the ejector seat js 
standard equipment for all more recent 


Russian high-speed single-seater fighter aero 
But G-suits and other “luxuries”’ will 
be they become 
indispensable. Soviet pilots 
tough and can stand a great deal. 
Radar technique is said to be merely beginning 
Russia. It that 
radar-coordinated night defense exists and that 
night fighter aircraft with airborne radar ar 
However, the reliability of Russian 


planes. 


probably neglected until 


absolutel) are 


in is true some system otf 


in service. 
radar, as of Soviet wireless navigational and 
instrument-landing apparatus, is problematic 
For instance, civil transport aircraft still 


navigate their way about the Soviet Union b 









































































The German Messerschmitt Me 262 jet fighter was able, with two JUMO-004 turbojets, to attain horizontal speeds 
fr than 530 m.p.h. (850 km p.h.); climbing speed 3,900 ft.p.min. (20 m.p.sec.) armament, four 30-mm cannon 


map-reading, and it is highly dubitable whether 
all-weather operation in the Western sense of 
the word is possible within the Soviet Air 
Force. But does the threat of heavy casualties 
mean a great deal to the Russians ? Vital air 
missions will be flown even in bad weather, 
and to this extent the Soviet lack of all- 
weather electronic equipment will be com- 
pensated, at least in part. Beyond all doubt, 


the next two years will bring about—with 
reliance on the German, British and US 
patterns—considerable progress in this field 
as well. 

Jet Fighters 


During the last five years, Soviet designers 
have been particularly prolific in the production 
of single-seater fighters, more of which have 
appeared than any other combat type. It is 
obvious that the immediate post-war need of 
the Soviet Union was jet-propelled fighters. 
This explains a certain crudity in their early 
designs, which were obviously developed with 
the greatest haste. Nevertheless, these early 
jet fighters provided the means by which a 
reserve of jet pilots could be trained against 
the day when better aircraft would be rolling 
off the assembly lines. At the same time, they 
provided the Government with new imple 


lev), is today well known. During the 
Aviation Day Flying Display at Moscow in 
1946, the YAK-15 was first introduced to the 
general public by flying over the Tushino 
Airfield. Originally planned as an interim 
type for training purposes only, the YAK-r5 
is an example of the haste with which the 
design was prepared, as previously mentioned : 
tubular steel fuselage and mixed steel and 
wings sparts, wooden ribs, 
plywood skin) of the YAK-g piston-engine 
taken hardly any 
Only the forward fuselage sec 
accommodate an 
In order not 


wooden (steel 


fighter were over with 
modification. 
tion was redesigned to 
underslung Jumo oo4 turbojet. 
to delay production, and possibly because 
Yakovlev at that time had no experience with 
modern the tail 
wheel landing gear of the YAK-g9 was retained, 
the stroke of the main wheel legs merely being 


increased to allow adequate ground clearance 


nose-wheel undercarriage, 


for the underslung turbojet. \s a con 
sequence, pilot visibility for take-off is 
extremely poor. Nonetheless, the YAK-15 


has proved to be a very useful interceptor 
fighter. With a span of little more than 32 ft. 
(10 m), the type has shown flight characteris 
tics equally as good as those of its precursor, 
the YAK-g piston-engined fighter, which, as 





262, 


rhe Soviet Lavoehkin LA-15 strongly recalls the Me 


but is powered with BMW (M-008) unit 


millimeter cannon and two 12,7-mm machine 
guns—was, according to modern standards, as 
deficient as its armour plating. For it is the 
Russian practice to reduce armour to a mini 
mum in the interest of performance and 
flight characteristics, despite the greater danger 
to the pilot. 
output of which then amounted to only some 


thrust, the YAK-15 


maximum speed of approximately 


Thus, with a power plant the 


7 900 7 5O0C 


’ pounds 
attained a 
560 m.p.h. or goo km p.h. 

\ further development of the YAK-15 is 
still in production. Owing to lack of know 
ledge as to its actual designation, it will be 
listed here as the Y.4A-75B. Produced both 
as a two-seater advanced trainer and as a 
single-seater fighter, the YAK-15B is pow ered 
with a later Russian derivation of the Jumo 
oo4 (developed by M. B. Chelomey) producing 
a thrust of about 3,000 lbs. 


tion to the basic type, the YAK-15B has a 


In contradistince 


fully-retractable nose-wheel landing gear where 
by the tail wheel hitherto fitted is replaced 
The 
curved outline of the vertical tail surfaces seen 
on all Yakovlev fighters has given place to 


by a small tail bumper. characteristic 


more angular contours. The second cockpit 
for the trainee is forward of that of the ins 


tructor and has good visibility. 


ments for domestic and foreign propaganda. may be recalled, could out-manoeuvre the \bout the same time that Yakovlev was 

The first jet fighter to be put into service, very manoeuvrable Focke-Wulf Fw-190. On preparing his YAK-r15 for production, Miek 
the Y.4K-rs (designed by Alexander Yakov- the other hand, its armament—a twenty-  hael E. Gurevich and Artem I. Mikoyan were 
Iw ersions of the Russian sonie research aeroplane : That at the left is characterized by a central air intake and an only slightly trapezoidal swept-back wing ; the version 
at the right shows a sharper sweep-back of the wing leading-edge with an almost straight trailing-edge, and ‘elephant ear” air intake Soth versions are probably fitted 
with powerful centrifugal-type turbojets. They are reported to have exceeded Mach | (in power dives 7). 
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Vakovlev VAK-17 


turbojets slung 


versions ot the MIG-o9 are probably p 


the two ; these have 





1 i t ‘ i ra ‘4 tital at ¢ f lag 
ind tail a mbl 
lia chkin, appear} to have had rathet le 
iccess in the period immediately following 
upon the war than his compatriots mentioned 
above His first twinjet fighter, the LA-15, 
tollowed hard on the heels of the MIG-o, 
but teething troubles have precluded large 
cale production. Purely externally, the 
/.4-15 bears a strong resemblance to the 


Messerschmitt Me 262, though it was powered 


with two (BMW) M-oo3 turbojets (in place 





Jet f t tt ft WiGs-15 typ ure today appearing 
Kastern Europe in lar formations Mid-wing 
lar th a \ p-back trong ept-back 

4 t nt igal-tyy} turbojet mised in the fuselage 

l fight har erized by tstanding manoeuvt 
i } 1 (685 m.p.t r 1,100 kmp.h.‘* 

t the Jum , of the Me 262). It one can 

; by it armament 30-mm and 20-mm 


r 23-mm) cannon 
] 


lose ground-support work 


the type seems to have 


ne 


been designed for ¢ 
ize and power to the Me 262, 


1§ should probably the 


( mparable in 


attain same 









performance as the Me 262, i.e. 530 m.p.h, 
From their very first investigations, the 
Russians soon recognized that sonic speeds 


could be attained only with swept-wing air- 
craft. In addition, they perceived that spe 
cialized single-purpose fighters 
ped night or all-weather fighters, target 
defense interceptors, etc.—were indispensable 


radar-« juip- 


to the Soviet air force, if it was to achieve 
technical parity with Western air power, 
With this, the epoch of fighters for multi- 
purpose operation came to an end. 

Then, in May 1947, came the first reports 


of successful flights of Russian experimental 
Mach 1 \s usual, the 
announcement was viewed sceptically by the 
British and American press. This scepticism, 


however, diminished somewhat when a wept 


aircraft at and over. 


ning high-speed research aeroplane appeared in the 
1948 May Day Air Parade over Moscow. 


This mysterious aircraft has frequently been 
described as a variant of the German DFS 346,. 
though the latest photographic evidence does 
little to support this contention. 
common knowledge that the Russians took 
special care of the Siebel firm at Halle, where 
the DFS 346 was to have been constructed, 
a certain similarity of 


True, it is 


but this latter fact and 
wing and empennage design are not sufficient 
in themselves to support this conjecture 


This experimental type was next followed 


by a production model with conventional 
ving which, owing to its similarity to the 
\merican F-84, has been referred to as the 


‘Red Thunderjet” and is probably designated 
as the Y.4K-77. The design shows that 
Yakovley slow to assimilate Western 
jet fighter trends. The YAK-17 is fitted out 


was not 


with a single centrifugal-type turbojet and 
is of simple, straightforward construction. 
The American F-84 is only externally similar, 


since the Russian type’s power plant is less 
powerful, whilst range and speed are likewise 
inferior. But the YAK-17 is perhaps more 
manoeuvrable. Despite the nosewheel landing 
gear, a large tail bumper acting as a safeguard 
against damage from tail-down landings has 
\ccording to certain reports, a 
version with swept surfaces has been produced. 


been fitted. 


Recently, a further conventional-wing fight 
er, the A//G-77, the Mikovan 
and Gurevich team, has made its appearance. 
more rotund than the MIG-9, 
this aircraft has apparently not been placed in 
production, probably owing to greater en 
thusiasm Russian research in 
meanwhile for sweptwing types. The MIG-11 
has a shoulder wing of small span and its 
probably powered with an axial-type turbojet. 


designed by 


\ppreciably 


shown by the 


/ 


For some time, of formations o 
mept-wing fighters seen flying over Russia have 
added to the confusion concerning the Red 
\ir Force. These have been officially 
and it can be assumed that two 
such types have in fact been supplied in large 


\ir Force. 


reports 


now 


confirmed 


quantities to the Soviet 

The first of further Mikoyan 
Gurevich design, is the 4J/G-75, which must 
be regarded as an absolutely advanced con 
struction. <A description and first photo are 
to be found in No. 8-9 of this Review. It 
may be briefly recalled that the type is power 


these, a 


ed with a centrifugal-type turbojet designed 
j 


by Chelomey, the Russian development derived 














aaa ate > 


ie) 


The Me 163 rocket fighter (or Ju 248) of & 


defense in Germany: swept-back wing with elevons, 
sonable undercarriage for take-off ; maximum speed about 620 m.p.h. (1,000 km p.h.) ; 
clim! 33,000 feet (10,000 m) in three minutes 


from the Rolls-Royce ‘Nene.’ Conservative 
estimates assume that the MIG-135 is, it is 
true, faster than the majority of British jet 
fighters, and in all probability likewise sur 
passes the American F-80 and F-84 types, but 
leaves much to be desired with regard to range. 

The second, probably developed simulta- 
neously with the MIG-15 for mass production 
purposes, is the .4-17 designed by Lavoch- 
kin. Whereas the MIG-15 is a mid-wing 
monoplane, the LA-17 is a_ shoulderwing 
type, probably powered with a similar turbojet 
\s compared 
somewhat 


and showing like performance. 
with the MIG-15, it 
sharper wing sweep-back, a longer fuselage 


shows a 


and a more graceful fin and rudder. 
These two last types are apparently the new 
main units of the Russian fighter command. 


Rocket Fighters 


Russian war booty included a new type of 
German target-defence interceptor, 
quality and number sufficed both for theoretical 
investigation and practical trial. Included in 
this booty were the 
designed it, the factories in which the air 
frames were produced, and finally the plant in 
which the rocket-engines were manufactured. 
We refer to that rocket fighter of the German 
Luftwaffe, initially designated Messerschmitt 
Me 163, later Junkers Ju 248, and meanwhile 
designated in the Soviet Union as the YA K-27. 
Design and development were the responsi 
bility of A. Lippisch, while Messerschmitt 
constructed the first prototype and later turned 
Junkers ; the power plant was 


whose 


also engineers who 


It over to 


lhe Tupolev TU-8 twin-jet bomber was derived from the w 


Lippisch was 
retractable landing skid, jetti 


ell-known Tl 


operated for ground-target The Russian version of th 


HTH] 
HUTT, 





Me 163, the Yakovlev YAK-20 rocket fighter, is provided 


with a retractable undercarriage and with an elevator unit. With a speed of 685 m.p.h. 
(1,100 km p.h.) and a climbing speed of 12,000 ft.p.min. (60 m.p.sec.), the YAK-21 is 


an ideal weapon for defense against the Convair B-36 bomber 


produced by Walter in Eberswalde near Ber- 
lin. In operation with the German airforce, 
this aeroplane proved as dangerous to the 
enemy as it was on the other hand to its own 
pilot : Climbing to 33,000 feet (10,000 m) in 
three minutes, its flight duration was only 
6-12 minutes so that it was an easy prey for 
\merican escort fighters once it began gliding 
down to land. 

At any rate, the Russians very soon recogniz 
ed the type’s inherent possibilities and as early 
as two years ago Lieutenant-Colonel G. A. 
Tokaev, one-time member of the Soviet Air 
Force’s investigation staff in Germany who 
fled to Great Britain, reported that his com 
patriots had undertaken the further develop 
ment of this interceptor for target defense. 
Meanwhile, it is said to have exceeded the 
sonic boundary and to be reserved as a target 
defense interceptor about Moscow and in the 
heavy industrial areas west of the Urals. 
Reportedly, the formations which have been 
equipped with this fighter are responsible for 
the internal air defense of Russia (Protovovoz 
dushnaia Oborona). 

Externally, the YAK-z21 differs 
German predecessor in having a tail plane 
mounted high on a large-area fin, as well as 
an undercarriage probably used for take-off 
purposes only, since the landing-skid of the 
Me 163 has been retained. The Walter HWK 
liquid-fuel rocket engine is said to 


from. its 


5ogl 
develop some 4,500 Ibs. (2,000 kg) thrust, an 
improvement from its former 3,700-lb. thrust ; 
flight duration probably not 
minutes. With a maximum speed of 


does exceed 


I§ to 20 


rU-10 twin-jet 
thrust 


\ Tupoley 


2 light bomber producing a static 


of 


bn 


3,950 Ib 


around 670 m.p.h. (1,080 km.p.h.), a climbing 
speed of approximately 12,000 ft. per minute 
or 60 metres per second-——rivalled only by the 
newest British experimental ‘‘Sapphire-Me 
teor” fighter—the YAK-a2z1 is an ideal weapon 
of defense against the B-36 bomber. 


oF . Jet Bombers 


It should once again be recalled that Russia’s 
aircraft industry has tended to concentrate 
rather on the production of jet fighters than 
on that of jet bombers. At any rate, so far... 
Nevertheless, the Red Air Fleet 
been an enthusiastic disciple of both friend 


has always 


and enemy, and hence it is justified to state 
that a more powerful strategic bombing force 
is now being built up. 

The dean of Soviet bomber designers is and 
remains A.N. Tupolev, whose stormy career 
cannot be discussed here in detail. 

His first jet bomber was developed from 
the TU-2, 
TU-8 and first appeared on the horizon in 1947. 
Wing and tail assembly do not differ from its 
TU-2 though the was 
somewhat lengthened. In addition, the tail 
wheel of the Tl 


was probably designated as the 


precursor, fuselage 
2 was replaced by a tricycle 
undercarriage. 

In any case, the type was only an interim 
development, from which the TU-10, which 
made its debut in May 
This is the Soviet counterpart of the 
bomber. The TU-1o 
has a wing span of 7o feet (21.5 m) and is 
fitted with two M-oo3 or M-oo4 axial-flow 
turbojets thrust of which has meanwhile been 


1950, was to be de 
rived, 


British “Canberra” jet 


M-003 or M-004), each 
t im the 


with axial-flow 


(1LS00 ky) 


ym ber turbojet 


machine-gum turt tail 
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The Ilyushin IL-16 four-jet bomber (with tail gun turret) is the counterpart of the North 
American B-45 “*Tornadck 





increased to 4,000 lb. (1,800 kg). With a cit verial photo shown here proves their existence. Every compilation is of necessity dry and co 
cular-section fuselage, the bomber has a The well-known designer Ilyushin developed tedious. Even one concerned with a subject ha 
square-cut wing. Equipped as a three-seater, the // four-jet bomber, existence of which — so enthralling as the strength of the Red Air fu: 
the cabin is believed t , be pressurized. The has been known since 1947, and whose _ Force. no 
TU-10 1 aid to be intended for higl appearance in general is very much like that The purpose of this report has been to las 
altitude operation as well as for ground of the German Arado 234 or the much more — show that since 1945, the Soviet armed forces, 
support. It differs from the “Canberra n advanced North American B-4s5 “Tornado.” in addition to gigantic armoured and _ in sit 
that it appears to have provision for a tail I hat extent, however, large-scale pro- numerable infantry divisions, have been able re 
Host. Data concerning ¢t eight, bomb — duction of this big warplane has been initiated, to create an air force numerically second to D. 
load and fuel reserves are equally as difficult belongs to the sphere of conjecture. In the none in the world, the quality of which Fa 
to obtain as those for the comparable British meantime, the Russian TU-4 “Superfortress” should no longer be underestimated. if 
eo ea . ies siege % abou a a i ¢ cease fre sili K Strictly copyright 195 b IN IER 1V IA, sia 
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resentation of Arms in & . 
Presentat fA the West : 
Farnborough 1950 4 
i1¢ 
th 
On the occa f the 11th SBAC Display, the exhibition of the power-dive probably approached the sonic range. Even though no 
Society of British Aircraft Constructors held from September sth t performance figures have been released, it can safely be stated that as 
roth in Farnborough, appt tel tors ft ll countri¢ both fighters are the fastest aircraft exhibited this year in Farnborough. ni 
“in front of the Iron Curtain” were able to inspect 58 aircraft of var So far the Supermarine 535 is regarded as a purely experimental 
together with the » nt turboensin velopments and aeronautical fighter type ; nothing is known as yet concerning production. In C 
Mi pymer It is the lern apparatus that the British industr\ contradistinction to this, the Hawker P.1o81 is said to have been tl 
ean show and offer nilitary aircraft predominated planned for large-scale production by the Australian Commonwealth fi 
\ircraft Co. in Melbourne. ni 
; wk fighter \rmament ? Here, too, exact data are not yet fully obtainable : B 
\s compared with the USA, the development of st-back fighter The Supermarine 535 was fitted out with four 20-mm wing-cannon, fe 
aircraft began relatively late in Great Britain, It carcely two year whereby the wing arrangement once again probably proved deceptive a 
avo that flight trials with the Vickers-Supermarine 51 wept-back and will be replaced by installation in the fuselage nose ; the P. 1081 r 
wine and elevator unit-—were started. Short ifterwards, Hawker ill in all probability likewise be armed with four 20-mm cannon or 
likewise began testing their P.10s2 experimental swept-back type. 30-mm cannon for heavier fire. The latter type is also to carry a I 
Apparently, both firms were satisfied with the trials and for the first considerable load of rocket projectiles and shrapnel bombs for ground 9 
time this year two developments derived from these types were s| target assault V 
n publi Lickers-Su } ; ax x y lr} t Further Development of Fixcistine Fighter type : 
the chiet item ot inter the display 
Both the Supermarine 535 and Haw! P.1081 are powered with a \ number of different developments of the standard British fighters 
Rolls-Royce “Nene” centrifugal type turbojet developing a. static De Havilland “Vampire” and Gloster ‘Meteor’’—were exhibited I 
thrust of 5, lbs. (2.270 kg), fitted with an afterburner for transient at this year’s display. These constitute additional evidence of the 
thrust augmentation. The Supermarine 535 does not essentially differ quality of the basic types. 
from its 510 precursor. Nonetheless, the 510’s tail-wheel landing gear In the preceding year, data concerning the D.H1. 112‘* Venom” singl 
has been replaced by tricycle undercarriage in the case of the 535, iter fighter and the D.H. 113 two-seater night-fighter were already par 
necessitating slight modification in the design of the wing-root and __ tially released. Both aircraft are further versions of the “Vampire,” 


fuselage nose. 

The transition from the P. 1052 to the new Hawker P. 1081 was 
probably not quite as simple. Here, the straight tail-unit had to be 
replaced by a swept-back type. In addition, the jet exhaust outlet has 
been altered: Instead of the two jetpipes mounted in the fuselage 
behind the wing leading-edge of the P. 1052, the P.1081 shows a 
single jetpipe in the tail, apparently in order to simplify the installation 
of the afterburner. 

In the flight demonstrations, both types—Super 





marine as well as 


Hawker—showed excellent manoeuvrability, and the speeds attained 1n 
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whereby the D.H. 112, with its “Ghost” turbojet developing a 5,000-!b. 
(2,270-kg) thrust, naturally shows considerably better performance 
than its ‘‘Vampire’’ predecessor (powered with a “Goblin” turbojet 
developing a 3,000-lb. 1400-kg thrust). The D.H. 112 ‘*Venom”’ 
has now been in production for some time and will probably ver 
soon be supplied for service operation. The D.H. 113 two-seater 
night-fighter is fitted with a new production series of the “Goblin” 
centrifugal-type turbojet whose thrust performance has so far not 
been revealed. The “Venom” differs from the “Vampire” by its slight! 
swept-back wing of smaller profile thickness and larger area, who 
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The Vickers-Supermarine 535 attains a speed of more than 600 m.p.h. (1000 km p.h.) in horizontal flight. 


low wingloading promises good flight performance in high-altitude 
combat. A comparison of the D.H. 113 with the “Vampire” shows 
hardly any modification of the wing but considerable alteration in the 
fuselage : The two-seater cabin and the radar equipment housed in the 
nose have necessitated the construction of a 4-ft. (1.2-m) longer fuse 
laze nose of increased diameter. 

The RAF has apparently elaborated a new program for night-fighters, 
since otherwise it would be scarcely possible to explain De Havilland’s 
reasons for presenting, in addition to the only recently developed 
D.H. 113, the even newer “Venom NF. 2” ‘no-seater night-fighter at 
Farnborough. At any rate, this type is probably superior to the D.H. 113, 
if only by virtue of its bigger powerplant (D.H. Ghost”) and better 
aerodynamic design. 

\ few words concerning the other standard RAF fighter, the twin 
jet Gloster “Meteor.”’ Since 1949, the ‘Meteor 8” version (with 
Rolls-Royce “Derwent” turbojets) has been in large-scale production. 
This year, the “Afeteor NF. 11°” two-seater night-fighter (likewise powered 
with Rolls-Royce “Derwent” turbojets) attracted particular attention, 
whereby this type also speaks for the importance of the RAF’s night 
fighter program. The Armstrong Whitworth works belonging to the 
Flanker Siddeley Group and already accupied with the production under 
licence of the ‘Meteor 8” of its affiliate in Gloucestershire, developed 
the N.F. 11 from the “Meteor 7”? and ‘‘Meteor 8”? and has now been 
awarded a contract for production. This night-fighter is looked upon 
as the fastest British aeroplane of this category and as a candidate for the 
night-fighter formations of those countries adhering to the Atlantic Pact. 

No visitor to Farnborough could overlook the fact that 20-mm. 
cannon still are the standard armament of British aircraft. It is true, 
the British can point out the fact that some of the most recent US 
fighters also often carry only o.5-in. (12.7-mm) machine-guns ; 
nevertheless, this constitutes no justification for such measures. 
Beyond all doubt, the higher flying speeds and more powerful de 
fense armament of modern bombers, as well as the more resistant 
armour of modern tanks—in short, modern warfare—necessitate a 
reform of aircraft armament. 

In this connection, the “Ground Attack Meteor” developed specially 
for ground-target assault from the Gloster “Meteor 8,” 
out new perspectives : It is equipped for the installation of the most 
varied kinds of additional weapons. \part from the conventional 


seems to point 


{ 


four 20-mm cannon, 16 rocket projectiles of 95 lbs. (43 kg) or four 
bombs of 1,000 lbs. (455 kg) can be taken on board. For long-range 
Hawker P.1081 swept-back single-seater fighter Maximum speed is likewise said to 





INTERTPAVIA 


operation, instead of this additional armament the type can carry five 
jettisonable fuel tanks of more than 580 Imp. gals. (2600 lit). Finally, 
the installation of two further 20-mm or 30-mm cannon with copious 
ammunition is planned in a blister below the fuselage. Take-off with 
additional loading (up to 2 tonnes) will be facilitated by take-off rockets. 


Tixperimental types 
} P 


The Gloster “Avon-Meteor,” ‘“Sapphire-Meteor” and the “Avro 
707B,” three purely experimental aircraft, were dealt with propagandisti 
cally during the Farnborough exhibition by the daily press in articles 
and photos. In reality, there is no doubt that for the British industry 
the problems concerned are much more serious than mere propaganda. 





The De Havilland “Venom N.F,. 2° is a two-seater night-fighter version of the D.H. 112 
*Venom” single-seater The N.F. 2—of which so far only a prototype has been 
built began flight trials in August of this vear 


The “.Avon-Mereor” and “Sapphire- Meteor” are to be regarded as flying 
test-benches for engines and as the property of the corresponding 
engine concerns—-Rolls-Royce for the “Avon” powerplant and Arm 
strong Siddeley for the “Sapphire.” The third experimental type, the 
* Avro 707 By” possesses a delta wing with which A.V. Roe & Co. 
apparently hope to gather experience for a jet-propelled bomber. 
Whereas, however, the “Sapphire-Meteor” took a leading place in the 
lime-light and by virtue of its two turbojets developing a total of 
14,400 lbs. (6,530 kg) thrust was described as the world’s most powerful 
fighter—a contention of relative value if one disregards its climbing 
performance, the “Avro 707 B” was veiled in complete secrecy. 


er 600 mi.p.h 1000 km p.h.) 











the “Meteor N.F. 11 


It is in quantity pro- 


Like all night-fighters, is a two-seater 


duction and is described as the fastest British night-fighter 





s additional fuel tanks below 


fuel tank 


For long-range ope Meteor 8° carri« 


fuselage and wing Our photo shows a Meteor 8’ with extra loads: one 
lag two 


below the fuse hrapnel bombs below the wing outer 





“Sapphire-Meteor 1 flying engine test-bench 


Turbine-Powered and Carrier Fighter Anti-submarine Aircraft 
Following the example of the USA, Great Britain is likewise taking 
with the introduction of 


turbo-powered fighters. It is known that the flight decks of a number 


tructed for the operation of jet fighters, and 


steps for the re-armament of her carriers 
of ships have been recon 
at the moment of going to print, an initial series of Supermarine “ 41/ 
tacker”’ jet fighters will probably have been delivered to the Naval air 
arm. \part from the “Attacker,” the “Sea Hank,” 
Hawker Aircraft Ltd. is to be produced in large numbers for the Navy. 
Both aircraft are powered with the Rolls-Royce “Nene” developing a 
item for the Farn 


developed by 


thrust of 5§,c Ibs. (2270 ke) and were no new 
borough visitor 


For the sake of completeness, mention can be made of the third 


modern carrier fighter, the “Wyvern 7. F. 2” of Westland Aircraft Ltd. 
A.V. R & . ; lelta w th the 707 B 
It is presumed that th kKperier gained wit! 707 I pply tl ba 
data for tl lesign of a jet propellel | nt 
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Powered with an Armstrong-Siddeley ‘Python’ propeller-turbine 
developing an equivalent shaft performance of 4,110 h.p., the type 
was displayed, again not for the first time, at Farnborough. 

During the last war, Great Britain gained considerable experience 
in aircraft antisubmarine defence, though relatively late and at the cost 
of severe losses. In the case of a future conflict, she wishes to avoid 
her former sins of omission, especially as her potential opponent 
would nowadays possess the very latest innovations developed by 
the former German submarine fleet.—For defence against this menace 
to shipping, three new types—all powered with propeller-turbines 

haveebeen simultaneously developed and were exhibited at Farn- 
borough for the first time: the Fairey 17, the Blackburn © General 

lircraft Y.B.1 and the Short S.B. 3. 

The Fairey Aviation Co. Ltd., who have been supplying the Navy 
for a great many years, have powered their Fairey 17 with an A\S, 
“Double Mamba”’ twin propeller-turbine with an equivalent shaft 
performance of 2,950 h.p. This three-seater—a midwing monoplane 
with doubly folding wing, retractable nose-wheel undercarriage and a 
mechanically extendable radar blister—is to replace the old Fairey 
“Firefly” as an antisubmarine fighter. 

Blackburn & General Aircraft, who likewise have always had close 
connections with the Navy, have developed their Y.B. 1, which shows 
unmistakeable similarities with the Fairey 17, in line with the same 
programme. Like the latter, it is also equipped for operation from 
carriers and is powered with the same unit (“Double Mamba’). 

On the other hand, Short Bros. & Harland Ltd., for many vears 
specialists in the construction of flying-boats, have obviously sought 
other paths in the execution of the antisubmarine defence programme : 
In their $.B. 3 they have dispensed with the twin propeller-turbine, 
preferring two single ‘“‘Mamba’”’ turbines, slung beneath the wing. 
In basic design, the type is a further development of the Short ‘“Stur 
geon”’ twin-engined Navy reconnaissance aeroplane. It should be 
stated, however, that in order to make room for radar equipment and 
an extra crew member for its operation, housed in the fuselage nose, 
the clean aerodynamic lines of the precursor type have had to be sacritic- 
ed. Despite the clumsy appearance of the fuselage nose, the S.B. 3's 


performance at Farnborough was very convincing. 


The Hawker **Sea Hawk” is intended for carrier operation It is fitted with upfolding 
outer wing panels and a deck landing hook Pilot cabin is pressurized and equipped 
with ejector seat 
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Were any new bombers shown at Farnborough ? 

The average visitor will immediately point to the twin-jet bomber 
of the English Electric Co. Ltd. 
its initial appearance last year—was presented in the form of the “¢ 

rra B. 2.” The type’s excellent flight characteristics made a ver\ 
favourable impression, as did its predecessor. It can be assumed that 
the “Canberra” is already known to the readers of these pages *. It has 
now become the “piece de résistance’’ amongst Britain’s bomber 
developments. In addition, it is the logical successor to the De Havilland 
“Mosquito” (piston engines), operated so successfully in the last war 
as a light bomber, night-fighter and long-distance reconnaissance air- 
craft : At the time all armament was dispensed with in favour of greater 
bomb load and fuel reserves, reliance being placed on its high speed for 
defence. The ‘“Canberra”’ likewise carries no defence armament ; its 
crew of three would be completely without defence in the case of 
aerial combat. This is a point of view which remains debateable, in view 
of today’s high-altitude fighters and ground target defence fighters. 

Amongst the experimental aircraft, mention has been made of the 
single-engined “Avro 707 B,” with the opinion that the type repre- 


which—considerably improved after 


* Cf. “The English 
Aviation, No, 1-2, 1950, pp 


Electric Canberra in INTERAVIA, Review of World 


71-74 





> wre 











Bom! 


sented the first development stage of a later jet bomber. How long 
these trials will last, or their ultimate aim, are matters purely for specu- 
lation. The transition from the single-engined to multi-engined design 
already involves considerable problems.—But it is widely reported 
that Handley Page, the traditional bomber specialist, is engaged in the 
design and perhaps even the development of a four—or six-jet bomber. 

The bomber development originating from the D.F/. “Comet” four-jet 
commercial transport aeroplane could be judged somewhat more 
realistically. The British Ministry of Supply has ordered two aircraft 
of this type for test purposes, and intends to fit them with the big 
Rolls-Royce “Avon” centrifugal-type turbojets (thrust : 6,000 Ibs. 
2,720 kg). Is this to form the basis for a new British long-range bomber ? 

In point of fact, even to-day the Royal Air Force would not be 
forced to rely on long-range bombers of British design, now that the 
USA has delivered considerable numbers of the Boeing B-29 ‘Super 
fortress,” has stationed several squadrons of Boeing B-so0s in Great 
Britain, and if necessary could be on the spot very quickly with B-36s. 
\t any rate it can be doubted that Britain intends to go back to museum 
pieces like the Avro “Lincoln” or “Lancaster.” With the strategic 
formations of her US ally, Great Britain possesses a bomber force of 
tremendous impact and, as a logical consequence, could concentrate 
her aircraft industry on the production of night-, carrier- and antisub 
marine fighters. 


t and training aircraft 


Only one military transport aircraft was shown at Farnborough : 
the four-engined Blackburn & General Aircraft GAL-60 powered 
with Bristol “Hercules 261°" engines each developing 2,000 h.p. 


icular characteristic of the 





torpedoes and rocket projectiles make up the armament load of the Westland “Wyvern T.F. 2 


Fairey 17 anti-submarine fighter is the doubly folding wing. 
fuselage underside can be seen the cover of the bomb bay and the radar blister (retracted). 


INTER PPAVIA 


2’ carrier- 


Vickers-Supermarine 535 
Hawker P. 1081 


De Havilland ‘‘Venom 
N.F. 2” 


Armstrong Whitworth 
‘Meteor N.F. 11°’ 
Gloster ‘‘Meteor 8” 


Rolls-Royce ‘‘Avon-Meteor’ 


Armstrong Siddeley 
‘Sapphire-Meteor”’ 


Avro 707B 


Vickers-Supermarine 
“Attacker” 
Hawker ‘Sea Hawk” 


Westland “Wyvern T.F. 2 
Fairey 17 


Blackburn & General 
Aircraft Y.B. 1 
Short S.B.3 


English Electric 
‘Canberra B. 2” 


Blackburn & General 
Aircraft GAL-60 

De Havilland D.H. 115 
"'Vampire-Trainer”’ 
Handley Page (Reading) 
H.P.R.2 

Percival P. 56 


fighter. 


Power plant 


1XR.-R. “Nene” 


5000 Ibs. (2270 kg) 

thrust afterburner 
1XR.-R. ““Nene”’ 

5000 Ibs. (2270 kg) 
thrust afterburner 
1XD.H. ‘Ghost’ 

5000 Ibs. (2270 kg) thrust 
2*R.-R. ‘‘Derwent 8” 


2XR.-R. ‘Derwent 5” 
2X 3600 Ibs. 

(1630 kg) thrust 

2XR.-R. “Avon” 
26000 Ibs. 

(2720 kg) thrust 

2XA.S. ‘‘Sapphire’’ 
27200 Ibs. 

(3265 kg) thrust 

1XR.-R. Derwent’’ 

3500 Ibs. (1590 kg) thrust 
1XR.-R. “Nene 3” 

5000 Ibs. (2270 kg) thrust 
1XR.-R. ‘‘Nene 4” 

5000 Ibs. (2270 kg) thrust 
1XA.S. “Python” 

4110 equiv. shaft H.P 
1XA.5S. ‘Double Mamba 
2950 equiv. shaft H.P 
1XA.S. ‘‘Double Mamba’’ 
2950 equiv. shaft H.P 
2XA.S. “Mamba” 

1475 equiv. shaft H.P 
2XR.-R. “Avon 

26000 Ibs. 

(2720 kg) thrust 

4X Bristol “Hercules 261 
42000 H.-P. 

1X<D.H. ‘Goblin’ 


1XA.S. ‘Cheetah 18” 
420 H.P 
1XA.S. ‘Cheetah 18 


420 H.P 


Span 
31 ft. 8/2 in 
967m 


31 ft. 6 in 
9.60 m 


41 ft. 9in 
12.72m 
43 ft. 0 in 
13.11 m 
37 ft. 2 in 
11.33 m 


37 ft. 2 in 
11.33 m 


37 ft. 2 in 
11.33 m 


33 ft. Oin 
10.06 m 
36 ft. 11 in 
11.25m 
36 ft. 6 in 
11.13 m 

44 ft. Oin 
13.41 m 
54 ft. 4 in 
16.56 m 
44 ft. 1} 4. in 
13.45m 
59 ft. 9 in 
18.21 m 
64 ft. O in 
19.51 m 


162 ft. Oin 
49.38 m 


37 ft. Oin 
11.28 m 
35 ft. 2in 
10.72 m 


Length 





Wing-Area 


42 ft. 11 in. 295 sq.ft. 


13.08 m 


37 ft. 4 in 
11.38 m 


34 ft. 7 in 
10.54 m 
48 ft. 6 in 
14.78 m 
44 ft. 7 in 
13.59 m 


43 ft. 6in 
13.26 m 


43 ft. 6in 
13.26 m 
30 ft. 6 in 
9.30 m 
37 ft. 6 in 
11.43 m 
38 ft. 4 in 
11.68 m 
42 ft. Zin 
12.88 m 
43 ft. 0 in 


65 ft. 9 in 
20.04 m 


99 ft. 2 in 
30.23 m 


29 ft. 11 in 
912m 

28 ft. 6 in 
869m 


27.4 m: 


258 sq.ft 
24.0 m2 


279 sq.ft. 
25.9 m2 
374 sq.ft 
34.7 m?! 
350 sq.ft 
32.5 m: 


350 sq.ft 
32.5 m2 


350 sq.ft 


32.5 m2 


226 sq.ft 
21.0 m: 
268 sq.ft 
24.9 m2 
356 sq.ft 
33.1 m? 


960 sq.ft 
89.2 m2 


2916 sq.ft 
271.9 m2? 


223 sq.ft 
20.7 m2 
214 sq.ft 
19.9 m2 


The type is powered with an A.S. “Double Mamba’’ twin propeller-turbine. 




















Aireraft Y.A. 5 (R 


propeller-turbine 


seneral 
Mamba 


Blackburn & (¢ 
A.S. ‘Double 





The Short S.B. 3 is likewise 


"4 





The 


cabin 
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English Eleetrie “Canberra B. 2 equiy 


and installed for onable reser 


jetti 


2 oe ge 
Blackburn & General Aireraft’'s GAL-60 troop and eargo transport aircraft 
useful space is divided into upper and lower decks by a floor 





De Havilland D.H 


dual controls 


115 “Vampire-Trainer 


Percival P. 56 for basic training 


yped for a crew 





R. “Griffon 


planne d for anti-submarine defences 


of three 


ve fuel tanks on the wingtips 


’ with two side-by-side seats and « 


has a pr 





piston engine) with extended 





mplete 



















radar blister and opened bomb bay The Y.B.1 derived from the Y.A. 5 differs its 
high-wing monoplane with fixed nose-wheel landing gear, the type 
has obviously been designed for purely utilitarian purposes at the cost 1 
of aerodynamical finesse. Its payload amounts to 15 tonnes ; to faci- 
litate loading and unloading, a ramp has been built into the rear fuse- | 
lage. Here too, it can be pointed out that the British industry does 


not have to partition because of transport construction, since Douglas, 
Lockheed and above all Fairchild are already specialized in the domain, 
are tooled for quantity production and ready for short-term delivery. 

\mongst training aircraft, it is understandable that the De Havilland 
OF, 757 for the training of jet fighter pilots, 
about whose existence nothing was known up to the opening of the 
SBAC Display, met with particular interest. With this type, the Hattield ( 
company are now following the path pioneered by Lockheed (TF-80) | 
and Gloster (‘Meteor 7”) with the development of two-seater trainers 
parallel to the operational service type, for jet pilot instruction. The 
D.H. 115 is a development of the D.H. 113 two-seater night-fighter, | 
but corresponds also to the basic D.H. 100 in equipment and instru | 
mentation. In view of the widespread popularity of the ‘ Vampire” 


(Atlantic Pact countries, as well as Sweden and Switzerland), the new | 
trainer will probably meet with considerable demand. 
Handley Page (Reading) and Percival Aircraft Ltd. presented their 
new //.P.R. 2 and P. 56 two-seater basic trainers. Both types were 
developed in line with the same RAF directives and show the same 
constructional design: low-wing monoplane with fixed tail-wheel 
landing gear, side-by-side seats, Armstrong Siddeley ‘Cheetah 18” | 
$20-h.p. engine. 
So what was to be seen at the 1950 Farnborough D spla) 7 | 
If one disregards those commercial transport aircraft already known ) 
and undoubtedly improved, to some extent on order and even shortly 
to be delivered—such as the D.H. “Comet,” Airspeed “Ambassador,” ) 


Vickers “Viscount” and Bristol “Brabazon’’—then Farnborough was 
a “‘presentation of arms in the West.” 

This presentation of arms revealed that the British aircraft industry 
is in a position to supply the RAF as well as the countries adhering to 
the North Atlantic Pact with first-class equipment in the domain of 
fighters in the orthodox, night, carrier and antisubmarine defence cate | 
\lso quantitatively—by virtue of production licences—it will 
gradually be able to meet all requirements 

The advance held by Great Britain in the field of turbojet power 


ve ries, 


plant is still apparent. Nonetheless, the ‘three-year’? estimation of 
this advance made by many over-enthusiastic experts in 1950 can be 
regarded as somewhat irresponsible. In the armament race, three years 


are a long period. To-day, turbine engines are being built and devel 
oped all over the world, and not to the least extent in the USA, the 
Soviet Union and its satellites behind the Iron Curtain. It is doubtful 
that American jet engine design is lagging behind British construction 
by three years at the present time. And Russian production ? 
Qualitatively, it is probably far behind the British. Quantitatively ?. 

It is here that the guesswork begins 


* 


(ny report on the “presentation of arms in the West” at Farnborough 
would be lacking if, apart from the factor of flying equipment, the 
human factor were not emphasized. Weather conditions were catastr 
phic : perfect flying weather! The demon 
stration before highly-critical visiting experts of new and in some cases 
untested prototypes in aerobatic flight, under these conditions, was 
truly a performance. It testifies eloquently to the quality of British 
test pilots and of British training. 


rain, wind, poor visibility 

















With a Pince of Salt... 

Graduate students seeking a theme for a 
doctoral dissertation in national economy are 
ill advised to undertake an economic analysis 
of the British aircraft industry. Three obstacles 
will impede their research and discourage 
further efforts : The formation of trusts within 
the industry, the scantiness of its publicity 
and-—a distortion of the picture which, 
however unique and conditioned by the times, 
s nevertheless difficult t 


devaluation of the pound in 1949. 


» allow for: the 


Trust formation ? A single instance may 
suffice : The Irmstrong-Siddeley Development 
Company Limited, a concern affiliated with the 
Hawker-Siddeley group, controls the following 
companies: A. V. Roe & Co. Ltd., A. V. 
Roe (Canada) Ltd., A.W. Hawksley Ltd., 


\ir Service Training Ltd., Armstrong Sidde 
ley Motors Ltd., Gloster Aircraft Co. Ltd., 
Hawker Aircraft Ltd., High Duty Allovs Ltd., 
Hawker Sanders Ltd., Hawker Siddeley Trans 
port Ltd., Norstel Scaffolding & Hire Ltd., 
Northern Steel Scaffolding & Engineering Co. 
Ltd, Sie W.G. Whitworth Air 
craft Ltd., Templewood Engineering Co. Ltd., 
\luminium Wire & Cable Co. Ltd. 

If the financial nature of the connections 


\rmstrong 


between this purely aeronautical concern and 
companies foreign to aviation is difficult to 
untangle, then clear delimitation between an 
armament concern such as Vickers with its 
two aircraft factories and its impressive number 
com 


f munitions factories, ship-building 


panies, locomotive and chassis factories is a 
pure impossibility. In so gigantic an array of 
the most varied fields of activitv, who would 


dare to claim his ability to discern where 


aeronautical interests begin and where they 
end ? 

\nd the paucity of public information ? 
If statistical reports and financial balance sheet: 
normally serve—as is so often averred-—for 
the concealment of facts, this is, of course, 
especially applicable at a time when, in the 
interest of national defense, both Government 
authorities and industrialists take every measure 
possible to prevent their cards from being 
exposed, or even worse, instead of revealing 
an ace of spades show an innocent nine of 
diamonds. 

Our English correspondent accompanied 


the official documentation for this article 


with the following statement 


“Tt is only appropriate to mention that 
all published figures can claim accuracy in 
a very generalized sense only, since security 
requirements exclude the release of more 
important information from the beginning. 


Not only the Government authorities, but 


Economic Aspects of the British Aircraft Industry 


the majority of companies are more than 


reticent. In any case, the reader is at 
liberty, after having been duly warned, to 
draw his own conclusions from the graphs 
and tables. And on the other hand, we feel 
that English figures are not less reliable than 
(sic !) 


those released by other countries.” 


The \leager Years 


It is only a few weeks ago—to be precise, 
since the public announcement of the British 
July 26, 


armament released on 


that the Enelish aircraft industry began 


programme 
I9§o 
to overcome the crisis precipitated in the 
beginning of 1950 by the cancéllation of orders 
on the part of RAF Transport Command. 
This last post-war crisis was by no means the 
only one. The British aeronautical industry 
was, of course, no less spared from the setbacks 
of the post-war years than its great competitor 
on the other side of the Atlantic. British 
aircraft industry shares were not only affected 
re industry of Great 


together with the ent 
Britain—by the fuel crisis of the winter of 
1946-47 and the blocking of the pound in the 
summer of 1947, it also felt the repercussions 
of the period of dearth which began in 1946 
with the withdrawal of Government orders. 
Even more disturbing than these particular 
influences was the uncertainty resulting from 
the vacillations of the Government construc 


tion programme during the last five years. 


\lthough it entered the post-war era with 
the second largest production capacity after 
the USA, the British aircraft industry never 


theless suffered from a singularly one-sided 


orientation. With a view to concentrating the 


war effort in general, the Allies had agreed 
that the entire development of transport and 
observation aircraft (both aeroplanes and heli 
\merican 


copters) be concentrated in the 


industry, which disposed over sufficient man 


power to accomplish this task without neglect 


ing military offensive types as such. This 
decision-—essential as it was to the final 
victory of the Western powers—had never 


theless an incisive and long-standing effect on 
the ciri/ 


With the exception of a number of small 


onstruction programme of England. 
design team nuclei engaged upon the projects 
of the Brabazon Committee, the entire tech 
British 


industry were concentrated upon the produc 


nical resources of the aeronautical 
tion of fighters and light and medium bombers 
To this must be added 
Lord 
planning committee were exceedingly com 
They 


Havilland ‘“‘Dove,”’ 
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at the end of the war. 
the fact that the aims of Brabazon’s 
included types so varied 
Bristol “Bra 


prehensive. 


as the de 


Handley Page (Miles) ‘‘Marathon,”’ 
Vickers-Armstrongs ‘Viscount’? and the de 


bazon,”’ 


Havilland ‘‘Comet,”’ etc. 

It can naturally be argued as to whether 
or not British lack of experience in the con 
struction of modern transport aircraft was an 
unconditional disadvantage. Undoubtedly, it 
led to designs with a considerable number of 
teething troubles, whose persistence in some 
cases for years could rather be more truly 
likened to the difficulties of adolescent adjust 
On the other hand, the lack of any 
break 


ment, 


basic scheme facilitated the decisive 
with tradition, so that certain new types show 
much greater vision than con 
The de 


Vickers-Armstrongs 


evidence of 
temporary American developments. 
Havilland “Comet,” 
“Viscount” or Airspeed ‘*Ambassador” can 
be cited as examples. 

Unfortunately, this far-sightedness in design 
has been to a large extent offset by a paralysing 
indecision on the part of the Government 
(a responsibility shared by the Ministries of 
Civil 


British Overseas’ Airways and British Furopean 


\viation and of Supply, as well as the 


\irways Corporations), so that the initial 
impetus manifested in prototype development 
has been lost without a trace, owing to delays 


in starting production. 


With regard to military flyine equipment, the 
picture is a shade brighter. In this domain, 
Government policy has been to concentrate 
consistently on the production of two jet 
fivhters, the Gloster ‘‘Meteor’’ and de Havil 
land ““Vampirte,”” whilst all other projects were 
supported only as far as prototype construc 
tion. \s 


purposes, this was a completely realistic policy. 


compared with planning for civil 


It took into account Britain’s chronic shortage 
of manpower, quite inadequate for the devel 
opment of vast numbers of prototypes such 
as possible in the USA. From the military 
point of view the Government was influenced 
by the consideration that the RAF could and 
satisfied with these two 


would have to be 


standard jet fighter types now in use 
throughout the majority of air forces of the 
Western Union until research had further 
clarified the aerodynamic problems involved 
in sonic-range flight. This condition has to a 
certain extent now been fulfilled, so that the 
RAF can 


fighters in 
“Venom,” while the Naval air arm is scheduled 


shortly be equipped with new 


the form of the de Havilland 
to have Vickers-Armstrongs ‘‘Attackers”’ this 
year, to be followed shortly afterwards by the 
Hawker ‘‘Seahawk.”’ 

In the field of heavy military types, initially 
a path of considerable promise was taken, 


+4 | 











inasmuch as the Avro “Lincoln” was devel- 
oped to a jet-propelled bomber with no other 
intermediate stage. However, this programme 
was initiated with a tortuous slowness, and 
the only visible result so far is the twin-jet 


“cc 


Canberra,” the first product of a firm hitherto 
not engaged in the construction of modern 
aircraft, namely the English Electric Company. 


* 


The construction of sma// aircraft today 
practically at a standstill, if one disregards the 
small number of trainers developed for the 
RAF and a single new private aircraft, the 
“Chrislea.”” Undoubtedly, light airplanes are 
only a paying proposition when their pro 
ducers are able to benefit by Government 
support in some form or other—such as by 
“assured” orders as in the case of the winners 
of French design competitions. On the other 
hand, the development of helicopters has been 
remarkably good, a fact to be attributed 
rather to private initiative than to Government 
help. Certain types have enjoyed a considerable 
popularity, though this has been sadly marred 
latterly by a disproportionately large number 


] 


of accidents, due, it is true, rather to bad luck 


than to bad design. 

The considerable success obtained in the 
desiyn of aero-engvines primarily ittributable 
to the firm policy of the Controller of Research 
and Development (Air) at the Ministry of 
Supply, Sir Alec Coryton, who has been able 
to assure Great Britain a lead of several vear 
in the development of jet-propulsion engine: 
and airscrew turbines. On the other hand, 
the piston engine has been to some extent 
neglected ; no new types have appeared since 
the end of the war. 

For the sake of completeness, it can be 
mentioned that British accessor lesion ana 
manufacture has been maintained at a healthy 
pitch so that it is perfectly capable of rapid 
response to any sudden increase in Govern 
ment orders. The two airscrew companies, 
Rotol and de Havilland, have created a num 
ber of convincing designs for the solution of 
the peculiar problem of the airscrew turbine, 
and each has succeeded in producing reliable 
contra-rotating reversible-pitch types. Even 
the wireless and instrument manufacturers, who 
in peacetime find it virtually impossible to 
cover development costs from aircraft orders, 
have gone ahead with the design of up-to-date 
apparatus, in all probability stimulated by it 


prestige value. 


Though this survey has in no way drama 
tized the post-war difficulties, it nevertheless 
shows that the five meager years have not 


gone by without affecting the British aero 


nautical industry. 
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Stock Market Trends of the Brit lircraft In y 
10 leadir neerns) for 1946 of 
Januar 1946 low 
i I (Tris Devaluation 
2. Convertibility Cr 4. Transport Command Cuts 
Here is the market development of ten 


leading aircraft shares from 1946 to the 


beginning of 195 


rom E:xport Demand to Export Ban 

In the crisis of the post-war years, the 
question of export played an incomparably 
greater role for the British aeronautical industry 
than tor that of the USA, which could rely, 
despite severe reductions in contracts, on a 
much greater domestic market. “Export or 
die’’ were the alternatives confronting the 
British manufacturers. In consequence, the 
tendency existed to export everything that 
was not tied down or nailed down, from long 
existing stocks up to the most modern jet 
Particularly illustra 


the tact that in the year 1949 the 


propulsion power plant. 


tive of this 


entire British aircraft production went abroad 


\ccording to statistics by the Society of 


British Aircratt Construct irs, the export of 


aircratt aero-enyine a 1d accessories more 


than doubled during the years from 1946 to 


1949. On the other hand, also the importation 
f transport aircraft underwent considerable 
increase due, to no mean extent, to British 
tardiness in the development of big commer 


cial transport types. 


*) This compilation « 


those military types sold directly by their manufacturers 


ymprises only civil aircraft and 


Delivery from government to government is disregarded 
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British Export and Import of Aircraft, 


lero-Fingines and Accessories 


/ “ports Impor 
in in | 
1946 14.§63.419 1.145 
1947 2§.0§§.20 3.762.5 
1945 26,004.784 7.102.2 
1949 34.21§.177 17.362.4 
January 195 2.721.$44 1.183.8 
February 1950 2.787.119 1.512.( 
March 195¢ 3.429.985 2.188.338 
April 195 319.187 1.38 
July 19§ 3.733.667 


Satisfactory as this was for the participating 
concerns and for Great Britain’s trade balance 

this all-out sale gradually began to exceed 
the limits permissible from the point of view 
of those responsible for national defense. In 
the middle of July, 1950, the delivery to 
Egypt, Argentina and the USSR of the newest 


British jet power plant was the object of 


critical comment in the House of Commons. 
Two months later, the Ministry of Defence 
decided to place a ban on armament export to 
all countries not adhering to the Atlantic 
Pact. And even though this export limitation 
applies only to the newest aircraft and aero 
engine types, it will nevertheless impede the 
execution as well as the attainment of many 
a profitable contract. 

Nor was the sky less cloudy or prospects 
brighter for the domestic military market. 
Driven to economies in the defense budvet, 
in the beginning of 1950 the Cabinet demanded 
that the Air Ministry also agree to cuts in its 
budget. Reductions in the program for the 


production of bombers were unthinkable, 


equipment renewal of the fighter formations 
was in full swing, delay in the delivery of 
considered. 


aircraft could not be 


trainer 
\s a result, it was the RAF Transport 
Command which had to bear the brunt. 
Chief sufferers were Handley Page with 


contracts for ‘‘Hastings,’’ Vickers-Armstrongs 


with ‘Valetta’ and Bristol as the power 
plant manufacturers for both types. 


Requests for reconsideration on the part 


it the factories affected and the Society 
British 


massive staff 


\ircraft Constructors—which fear 


reductions—were initially 


successful... until on July 26, 1950, tl 


turning point arrived. The USA demand 


a substantial armament contribution on th 


part of all industrial member states of thé 
\tlantic Pact. For reasons of prestige alone, 


Great Britain could not afford to stand aloof 


and estimated the necessary expenditure 


at {£3,000,000,000, to be used for her r 
armament during the next three years. On 
September 13, 1950, Prime Minister Attle 
announced to the House of Commons that 
Britain’s fighter strength was to be increased 
4 


and that new RAF units were to be provide 


VOLUME J Vo. 10, 1 














ng 








for the occupying forces on the European 


Continent. Mention was also made of quicker 
delivery of bombers (English Electric ‘Can 
berra’) and of other types. Increase of the 


pers anel of the munitions industry was like 
wise taken into consideration, and the Govern- 
ment stated in the House of Lords that the 
war-time aircraft shadow factories were ready 


to begin activities anew at any moment. 


In other words... excellent business pro 
spects throughout. 

Notwithstanding, British aeronautical circles 
continue to express a certain skepticism regard 


ing the economic consequences of this pro 


gramme. Inthe middle of September, a report 
from London states that so far... ‘despite 
all the hullaballoo and the £'3,000,000,000, 


not the slightest sign of a new contract for 
the aircraft industry can be discerned on the 


Nor 


cancellations been 


horizon. have the former contract 
rescinded.” 

Nevertheless, in view of the present state of 
world affairs, there is probably no real reason 
for nervousness on the part of the British 
aeronautical industry. It can quietly await its 
opportunity, placing its confidence in the 
temperament of Churchill, who will in all like- 


lihood 


the allocation of the {.3,000,0¢ 


not allow the discussions concerning 


0,000 to come 
to a standstill. 
How's 


business? ... 


Prior to official announcement of the details 


of the new armament programme, it would 
be useless to ask a British aeronautical indus 
trialist, with a confidential wink : ‘‘I asy, old 
boy, how are things from the business point 
of view ?”’—Meanwhile, far be it from us to 
pretend that certain producers have not al- 


ready very satisfactory contracts in their brief 


Ounotations of Some British 


cases. 
lthorixe Issue 
Captlal Capit 
{ { 
Alvis 750C 10 
Associated Electr. Ind 8 696 05 8 669 24 
Blackburn : 23 g16 81 
Bristol 3 90 39 
De Havilland 28 628 275 
English Electric 65 6 174 575 
I ire. 1 29¢ C I 27 73 
Folland tg 
Handley Page §72 §39 §72 $39 
Hawker Siddeley 6 o 3455 578 
R IIs Rovee 2 $C I11§ 
Vickers 


Westlands 


1949 


ipital doubled in 
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Indubitably first and foremost in this regard 
are two concerns whose business—as a result 
of skillful economic foresight and progressive 
excellent even throughout 
the most difficult years : Ro//s- Royee 
De Havilland Aircraft Co. Ltd. 


Even 


ideas—-remained 


Ltd. and 


during the war, both companies 


adapted themselves, not only in theory but 


likewise in practice, to the development of 


jet-propulsion engines. Both took the point of 


view that, after the cessation of hostilities, 
nothing more could be undertaken with long- 
standing reserve stocks and obsolescent types, 
such as formerly could be sold to Mr. Some- 
body-or-Other (to be geographically more pre 
cise, Seftor Somebody-or-Other). As a result, 
Rolls-Royce developed the ‘“*Derwent” and 
‘*Nene”’ jet engines, while De Havilland for its 
part constructed the “Goblin” and “Ghost” gas 
turbine power plant, with which its ** Vampire” 
and “Venom” fighters are powered. 

It is perhaps not necessary to state that even 
the older horses in the stables of both firms 


With the 


internationally renowned piston engines ‘*Mer 


are still well able to earn their vats. 


lin” and “Griffon,” Rolls-Royce will probably 
be able to do business for years to come, while 
De Havilland, despite its new jet types, has not 
vet written off its in-line engine “Gipsy” o1 


its fighter aeroplanes ‘Hornet’? and ‘Sea 


Hornet.”’-—-(Remarkably enough...) 
With regard to the various subsidiaries of 


1 he Han ke r Sidde he ) 


very differing results are to be 


the third large concern, 
Group Lid., 
to factories with marvellous 
results Gloster Co. td. 
(“Meteor”) or A. V. Roe (( anada) Ltd., the 


English firm A. V. Roe & Co, Ltd. has pro 


noted, Contrary 


such as \ircraft 


bably earned neither laurels nor crisp bank 
notes with its “Tudor” series. However, as 


previously stated, the activities of this concern 


Ordinar) Nominal Dividend Dividend 
Shares | alne for 1948 for 1949 
f Share / mn 
6 2) Ss 6 6 
6 a {1 1§ 1§ 
gi6 812 105 I 10 
3 300¢ IOS 1 I 
I $27 275 ft I I 
335 731 £3 I I 
1 027 7§ I 2 2 
Os 6 6 
373 3495 5s 22 1/2 te) 
I 9O§ §87 ss 32 1/2 32 1/2 
I 1§ OOC {1 2 20 
12 31§ 484 fit 12 1/2 6 1/4” 
4 000 00% 5s 7 tia 5 1/2 
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fields of interests 


varied 


comprise so many 

-to mention only the High Duty Alloys Ltd., 
who supply the entire British industry with 
aluminium alloy products—that individual 
profitless undertakings have no effect what- 


soever on the sound financial position of the 


group. 

Both of the aircraft works affiliated with the 
armament concern UWsckers Lid., notably 
Vickers- Armstrongs Ltd., Aircraft Section in 


Wevbridge and Supermarine Works, have devel- 


oped firmly established types, whose pro- 


duction results in very substantial profits. 
But whilst production of Supermarine’s single- 
continued with 


jet fighter **Attacker’’ has 


out interruption, the plans elaborated by 
the Weybridge factories for the production of 
their military transport ‘Valetta’ (military 
version of the ‘*Viking’’) have been to some 
extent set aside by the RAF Transport Com- 
mand’s contract annulments. It is not neces- 
sary to emphasize that the resulting loss of 
profit is hardly of any significance to a concern 
like Vickers. 

The main trump of the Bris/o/ leroplane Co. 
Lid, was the production of heavy piston en- 
gines. Somewhat later, and without the same 
degree of success as Rolls-Royce and De Havil- 
land, the company began the design of turbine 
engines, It then turned to the development 
of commercial transport types ; with its Bristol 
170 “Wayfarer” /“Freighter” it has brought to 
market a passenger-cargo aeroplane which has 
received popular approval as a willing beast of 
burden. On the other hand, it is hardly likely 
that the “Brabazon” (a development for rea- 
sons of prestige, at Government cost) will 
prove in the long run to be profitable. 

The Co. Litd., who 


delivered hundreds of ‘Firefly’ naval fighters 


Fairey Aviation have 


to the RAF as well as to Canada, Australia, 


lvzation Securities 


1948 1949 
Oo notation Quotations Qnotations 
Highest Lowest l1ighest Lowest rg/9/so 
{/11 2/10 1/7 3/1 1/6 
87/6 69/0 80/3 68/3 76/o 
11/1 8/3 13/6 10/4 10/7 1/2 
16/1 11/3 17/4 13/10 16/« 
jo/6 32/0 43/3 32/3 42/6 
58/9 13/6 19/6 19/9 +7/3 
25/1 15/6 25,6 19/3 23/10 1/2 
5/5 3/5 $1 3/2 6/6 
3 18/3 31 24 27/3 
25/1 16 27/9 20/3 29/2 1/4 
{5 1/16 86/« £5 1/4 Ro/« 15 4/6 
33/10 23/6 30/7 24/1 30/6 
6/6 4/1 6/3 4/7 6/1 1/2 


(without guarantee) 





to-day. Handley Page does not kn 





, , , 1 ! 
lana and Sweden, and in ad 
] + 
re ely pr abDie acce I 
ernaul busine cat 1B) 
a ne , 1°) 
la nancial doubt € 
Page I e are conce 
saclact bee n C ites snrini 
waded DY one | ¢ nost 


} } ] 


servative and realistic mind In 


loss. the compat teet 
] 1 , 
ai Course, \ t Na 


ire ft N¢ r { ct 

' | 

ICI ilt i ( i 

I ( } 
vool prevarica hat 
mbibed t cca 

im that t 


Ca i yay) 
is¢ f Ac~ria 
1 
neara esterda t 
to spear t t 
I 
1 
particula ( 
t th ' 


t ) 
Hout n e Pa 1 
| 
lo t he rye 
i 
customert ind tli [ 
| 
in | 1 ) 1 Sit 
, ' - 
I n ror a Ca ) 
\ll riorht Cir ist 
" a 1 
the latter ( l 
" F , 
Ince ' } , 
| 
tha ] 


untortunate hopkeepet 
upsets his hat-box« 


- days things were differ 


rt ft f 
¢ ¢ ( 

tray 

Tari 

er | oe 

-hat ‘ ’ t 

ute det od | 

. t utte ‘ fu 3 

rund ! 





mited at whose subsidiary Normalair Ltd. has already 





] 


manufac achieved an enviable reputation for pressure 


a 
| Wing). cabin equipment. 


t wn This survey in capsule form may be n 
if gain cluded with the observation that to-day’s 
remost world political crisis finds the British aircraft 


ndustry well prepared—capable at any time 


ertakiny, f meeting emergency requirements wi ut 


, 
tomer picks up the first cap—the very first one he had 


rror and his tace breaks out in smiles of triumph 
i i } mtic i if ( ip! 
i evel 1 il re h cap yack to front, ar | 
| ht of tl r flapping avainst the back of his 
e ( vp? I t the tact that | vas st nding 
i Icarus tha the frail monoplane which id 
f n the indy beach on its flimsy, bicycle-like 
tl ¢ Cat old the year Wa IOII and had been 
1a lida the Atlantic coast \t last, I could 
an aeroplane that wonder of wonders of the ne 
’ 
} a i T 
t and terest at th inexpected apparition—was it a 
haps an REB ? I shall never know.. was such that 
littl pade and bur ket 


ike to come up with ie fF 


had seer e, and had even spoken to me.. and 
Struck dumb with emotion, I nodded my head in a b 
t. Sine if hauled me up ont » the seat, the aviator 
| € 1 d alread VC ere n the alr 


Pilatre de Rozier, otf Adler, of Farman and the Wright 


rthy | rs ¢ ila 
r their ret Hicoht 
1 to describ ithful impr f what it wa 
rne tor the first t t uu, 1 would be lying, for 
ist surely have been—they were effaced from n 


er by the welcome I received when I got back to Mother 


the ne baptized neophyte that I was tl 
that he had ever received in his life 
paki f ] * cateh vou doing that acain 
] ¢ h, 
ul for la nothing was missing trom the ceremon\ 
! vrong after all when I told you that I really di 
il bapt ! A vet, even that did not succeed 
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WHEN DANGER THREATENS, 
NO REMEDY IS TOO DEAR... 


Aluminium, chromium, nickel, rubber, petroleum, 
rat , delivery periods, manpower and again 
nanpowet Such are the main subjects of convet 
satic 1owadays But the question of what pricc 
should be paid for these commodities is out of place 
it the present juncture. 

lo start with a/uminium : Faced with an ever-swelling 
flood of urgent orders for the domestic armament pro 
gramme and for arms aid material for America’s Atlan- 
tic allies, the US aluminium industry by the end of 
August found itself nearing bottle-neck. Official esti- 
mates set the share of the industry’s production which 
would have to be diverted to meet the nation’s defence 
needs at about 14°. Those “in the know” greeted 
this suggestion with a cynical smile, said 30°, would 
be a more likely figure. Be this as it may, the US Go- 
vernment has embarked on several new measures to 
remedy the impending shortage. Since the dearth of 
duminium is seemingly due less to a lack of bauxite 
basic ore from which the metal is made) than to a 
hortage of cheap electric power for extraction of 
the metal by electrolysis, the Government decided to 





grant subsidies of $11,000,000 and $6,000,000 respec 
tively to the US firm Reynolds Metal Co. and the Jamai 
can company, Jamaica Bauxites Limited, offshoot of 
the allpowerful Canadian company, Aluminium Limited 


of Canada. At the same time, the last-named tirm was 
given a $75,000,000 order for 2 x tons of raw 
dluminium to be delivered over the next three years. 


Finally, it was decided to step up domestic production 
by every available means, and to reactivate the World 
War II “shadow” factories which had been closed down 
or converted to other production. 

\ mere glance behind the Iron Curtain sufficed to 
silence any haggling about prices. In Soviet Russia 
aluminium had risen sharply from 
R5, tons in 1945 to at least 115, tons in 1949, 
ind was slated to reach the 155,000-ton mark this year. 

This position is generally similar as regards the othet 


production of 


essential raw materials. On August 29th, President 
lruman empowered the Munitions Board to buy up 
supplies for the national stock-pile ‘tat any price.” At 


the same time the “buy American” restrictions giving 
preference to domestic wares were removed. At the 
present time, the US has a stockpile of about 
$2, 900 worth of critical materials. The Go 
vernment plans to double this reserve as soon as pos 


> , > 





* Based on reports published in *INTERAVIA AIR 
LETTER,” daily 


appearing in English and French. 


international aviation news digest 


renerals on tou 


Army and Chief of Staff Venezuelan Air Force. 
resident of Beech Aircraft 
USAF Officer Inter-American Defense 


Fourth from right 


Soard. 





A military mission from Venezuela visiting the 
Third from right Lt.-Col. Felix R. Moreno, Chief of the Venezuelan 
Second from right : 


Major General Robert L. Walsh, Senior 





Changing guard at the US Defense Ministry Left : 


Louis A. Johnson. Right 


American Defense Minister. 


General George C. 


sible, and at the least to increase it by 7°, by mid 1951 
In the field of machine tools and finished products, 
demand was no less insistent. Figures published by 
the American Machine Tool Builders’ Association have 
shown that in July 
orders was the highest since May 1943. ‘Taking 100 as 
the average of production for the years between 1945 
and 1947, the production index fell off to a ‘low’ of 
48 for the month of July 1949; in contrast to these 
doldrums, the index for July 1950 was no less than 253. 
Hand in hand with the increases in production and 
stockpiling of critical war materials went a tightening- 
up of export controls. Among other things, the export 
of petroleum products was made dependent on the 
granting of a licence for all quantities worth overt 
$25.0 hese prescriptions apply to dealings with a 
number of states, with the exception of Mexico. 


MANPOWER, NO LESS THAN GOODS AND 
RAW MATERTALS, 1S MUCH IN DEMAND 


According to a report in the ‘Wall Street Journal,” 
the scarcity of skilled personnel in the aircraft industry 
is becoming daily more critical, particularly on the 
West Coast of America, where recent dismissals of per 
caused by the falling-off in orders during the 
post-war years—are beginning to make themselves felt. 
Employment at four leading aircraft works—Douglas, 
Lockheed, North American and Northrop—which 
between them employed no less than 225,000 workers 
in 1943—had dwindled off to a mere quarter of this 
number by the end of last year when the position was 
as follows : 


sonnel 


American Beech Aircraft An Israeli military 


Walter H. Beech, 
Army. 


Israeli Air Force. 
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Marshall, 


1950 the industry’s backlog of 





Bedell 
American 
Moscow, 


General Walter 
Smith, former 
Ambassador to 
has been appointed Chief 
of the American Intelli- 
genee Service. 





Douglas 20,531 
Lockheed 1§,0% 

North American 18,350 
Northre p 7,825 
Potal 61,706 


Today, thoroughly-trained and experienced skilled 
workers and specialists are in exceedingly short supply. 
Although plenty of applications for jobs are being sent 
in, the Lockheed Company reports for instance that 
only about 25 °4 of the applicants have any specialised 
knowledge, and that of these only about 2°, were 
fully-qualitied technicians. As a result of this situation, 
the majority of aircraft manufacturers are starting up 
training courses for the formation of likely applicants 
from all walks of life, and one firm, the Solar Aircraft 
Co., is even taking on female personnel. 


LAKE Il EAS} 


Following the slackening of business last year, which 
in some quarters was interpreted as heralding a wide 
spread slump, the present spate of armaments orders 
undoubtedly came at an opportune moment for US 
industry generally. At the same time, it was evident 
that at the present juncture, the continuance of a liberal 
policy, under which the nation’s economy would be free 
to find its own level, might bring serious dangers in its 
train. Hoarding of goods, as well as uncontrolled 
advances in prices and wages, would only aggravate 
still further the already perceptible tendency to infla 
tion. As a result, Congress decided to take emergency 
measures to regulate the new defence economy by 
granting the Government carte blanche to re-establish 
full wartime controls as and when necessary. 

In their turn, the governments of Western Europe 
are beginning to follow the American example. Thus 


mission in Switzerland. First and second from left 


Brigadier Mordehai Maklev, Deputy Chief of Staff of the Israeli Army. 
Army Corps Commander Colonel de Montmollin, Chief of Staff of the Swiss 
Second from right: Air Commodore Ahron Remez, Chief of the 




















1is much-discussed | 
































hed belonging 


being assembled there 


aickground. ‘The US Navy is not likely to forget 


in who allowed its personnel to | 


reduced, itsadmirals to rot in idleness and construc 


t 


to be stopped. Faced with open opposition from 


Force circles, and looked upon with miss 
throughout US industry, the only support for 
policy was to be found among certain sect! 
f the US Army. For the outside world, however, 
portant question was whether Johnson really 


ducted his thinking on a world-wide basis, whe 


had reckoned with the possibility of an outbrea 


hostilities it overseas theatres such as Korea 


vhat his real attitude regarding Europe might b 
estion has even been asked whether Democrat 
} | 
, who handled President Truman’s elect 
funds, was not fundamentally hostile to Europe, 

uch a hypothesis lacks proof Johnson’s neg 

- \ 

certalt Important defence elements, whick 
npaign, was the 











f ave been shed 
Pentagon about John ’s departure, f« r the ex-De 
Secretar lispla ed duly dictatorial tende 1¢ 


Johnson was wont to pride himself on being a 
ut In the case of General Marshall, | 
} 


trenyvth of character is tempered xy wisdom 


vide range of experience And Marshall’s fr 


1 


titude towards Europe is well-known. 


That Johnsor departure should have b 


other changes in its train —Under-Secretary 


Defence Stephen T. Early resigned immediately 





ird s hardly to be wondered at. Of greater ir 
1 New appointment, seemi unrelated t 
| trative iphea ils, wh has understandabl 
received less attention in the world’s news columt 





] vy ( de 1 Chief f the First US Ar 
lead US Secret Ser | € f the « 
tion to which most leaks of secret information fre 
States seen » be intended, the choice ft Bedell Sn 
for this post is a particularly happy one His realistic 
ittitude towards the situation is summed up 
words “There are no experts on Russia, onh 


degrees of ignorance 


Smith’s nomination also coincided with the p 
f a Bill making it necessary for aircraft wishing 
t tighters of the SIst Fights Squadron of the 


wake, Washington. 





to the Lockheed Aircraft Corp. of Burhan! 


c drastic i 


pet project, a giant 65, ton super aircraft-carrier, 


ctioneering 


over certain ‘‘sensitive’’ zones of the USA 
the uranium-bearing regions along the US-( 
border, and the important defence productio eas 





of the US West Coast) to obtain prior permissi« 
the Civil Aeronautics Board, thus, in effect, sett 


ip 

; a ; I 

the wartime Defence Areas again. Under the ‘ 
trictions, which apply to all domestic and gt 
transport, private and military aircraft, delivery the 


required authorization is made attendant on fi 
flight plans with the CAB. Also there is no denying 
that the official attitude towards amateur and profes 
sional photographers is detinitely more “finicky” than 
in the past 


ILTUMN ALANOELUI RES 
EN FAMILLI 
‘Broad 


held in the Paris—Amsterdam area by the air forces of 
the Western Union States (Belgium, France, Great Bri 


Che tht lay ; | 

n Nree-day air cxercises sercise 
1 
n 


tain and Holland), with the co-operation of American 
long-range bombers, were aimed at testing the tighter 
cover and radar warning system protecting the west 
I uropean industrial districts Cor siderable weak Ses 
came to light. Although there was clear weather over 
the Paris region, the defence was not able to repulse 
iccessfully the bomber units flying in from Great Bri 
iin and Western Germany Fighter control, radar 
creens and communications were not equal to their 
isk 


Among other things, co-operation between the 
of tive different nationalities presumably still had cer 
tain “teething troubles” t 


World War II 


’ 
reaching the results of faulty understanding be 


encounter. Experien 


) 
suggests such an assumption. How 
allied air forces can be has just been shown ay 
Korea, where British ground troops were fired 
rating aircraft 

the British Army 

Rhine and the RAF, in which Danish, French and 





\merican troops took part, were held in West German 
ft 24th to 30th September.—Immediately after the 
conclusior f the exercises held by the Turkish Fleet 
ind Air Force in the Sea of Marmora (the biggest of 
the r kit d 1 dertaker > 4 ymmbined exercises by all ¢ 
Turkish armed forces, in which 50, men tool 
began on the Izmid Peninsula. The object of these exer 
cises was to push back an invader who had penetrated 
into the countr 





lhe cre sed den d iris { out *t the LSA 
| pan Korea air lift is led to a marked shortag t 
1 port pilots. For each of the 150 military and trans 
port aircraft at present in use (60 four-engined ait 
crat leased from 12 public transport and pt t¢ 


charter companies) four complete crews must be { 


m possible utilization of the 





available aircraft Pan American Airways contacted 
14 pilots whon they had dismissed it the begin: ny 
of 1950, but met with little response. American Ait 


nes are shortly to take on more than 80 pilot trainee 
PAA’s shortage of pilots will scarcely be helped 


amalgamation with AOA on 26th September, since the 
uirline took over not only the latter company’s | 
mnel but its entire fleet of aircraft, so that PAA 1 
has over 144 long-range airliners. In addition the 


management announced on 22nd September that they 
} id ordered in¢ ther 18 Don vlas DC 6B’s, which 
cost total of $21 ' nd are to be deliv | 


Lhe « mpleti n of the transfer of the assets of AOA 

PAA means the “cease fire’ in tk ] 
put up by their American competitors-—particul 
be TWA—against the merger. The President of 
Board of Directors, Warren Lee Pierson, in a 
desperate effort, requested tha the CAB’s deci 
shouk 


the Fren 


fierce strug 








until it was certain tl 


authorities would agree 





the tra AOA to PAA. It is truc 

hat the hese two States are rai 

ertain distinct strengthening ot 
petit trans-Atlantic compa 


giving them cause for concern. How long tl 
position can and will last is another question. 
any case the CAB did not agree to TWA’s reque 
On the question of the Atlantic, PAA has emerged 
the victor. At the same time, however, the airline 
pplication for permission to operate inland rout 
Juan Ie: 
lrippe’s vocabulary the word “finally” only mea 
“for the time being,” the aviation world can expect 
fresh call to arms in a few months’ time 


vas finally refused. However, since in 
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gn 
the 
t / 1) { } han ( A Pie th tven ly } f yiant a Pp 
ing hat means going ba a fe ntu f modern rocket technology, two experts have 
Tes ‘ b) d_ propellan ha been ti ) mullaneously md ndependentl of each 
nan ! premise to further prog li thei vpounded theiy opinions for our bene 
lecad } quid propellant fit. HH. Gartmann places the accent on the 
vy fu uw first 19 pevational aspects J. Himpan confines hi 
t I? ve aD mad to propellant performance Both ai 
} f l pplemes ich her and si Md thes } 
} Grea WW t t) Lethe) Bot) viles (ere ltha p 
vol mei rave) on / vha ty, has a 
Sri 
can 
ter 
est 
ses 
vel 
ise 
sri 
: | Rocket Propellants .. «. 
at Oc e rope an S by Heinz GARTMANN 
Conventional types of combustion engin survey of technically useful combinations 
use the atmosphere as source of the oxygen — of fuels and oxidizers for propelling rockets. 
? they need. In contrast, a rocket motor carries Kven this incomplete list serves to show 


he its own supply of all materials necessary fot 


ct it to function. Rocket motors can be designed 
' in various ways, to serve as sources of auni 
is liars power for ieroplane equipped it] 
. ul ower fo plan JuIpp wil 
ordinary engines, as prime movers for ultra 
d high-speed aircraft and projectiles, or, finally, 
is the only known means of propulsion 
+] 


ough interplanetary space 


In pressurized-gas rockets the propulsive 


jet is produced through the expansion and 
subsequent escape of hot gases from a com 
' bustion chamber Phe speed with which th 
t ises Escape the exhaust vel may 
regarded as a criterion for the quality of 
¢ the propellant and the design of the 
uustion chamber, exhaust nozzle and general 
ermodynamic cycle Problems of pro 


CTLY 


CO 


pellant composition are intricately intet 
woven with those of motor design. In th 
é early days of rocket research use was mad 


f propellant mixtures of low calorific value, 
such as water-diluted alcohols as fuels and 
peroxide as oxidizer he pre 
water in the alcohol reduced the 
rature, but simultaneously 


1 


ppe Uy thie pecifi onsumption figs. | 

\ Lz t this stage of development, al 
h secondary factor is coolins properties 
juently plaved a part in the selection of 

] pellant 

Present-day research is concerned with 
lnating different hydrocarbon fuels, hydro 
liquid oxygen (sometimes fortified witl 

und ozone) and various special compound 
| haust velocities, which used to attain 
2000 m see now lhe between 3000 and 


Future experiment 
iting of the 


will pro 
propulsive 


isses by nuclear energ vielding sub 
ntially higher exhaust velocities—ovet1 
O00 mse us]! hvdrogen without ap 

| tbly raising the mbustion temperature. 
In the meantime, research is still concerned 
th chemical propellants, in which the rea 
cur within the electron shells of the 

ind molecule lable J i brief 








conclusively that the success of rocket motors 
als prime movers is entirely dependent on 
the development of improved propellants o1 
better exploitation of the combinations now 
in use. The search for new propellants is 
therefore characteristic of modern rocket 
research However, dis overies which appeat 
useful in the laboratory often do not fulfil 
their expectations in field tests. Apart from 
experimental designs, the big rockets of today 
are all driven by propellant mixtures which, 
although born of the present decade are 


already labelled “ classic mixtures 


sect! / 
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A Basic Problem in Rocket Research 
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consumption and specific tuipulse 


rhe first step in designing a rocket motor 
of specified thrust, duration of funetion and 
field of application, is to choose a suitable 
propellant. The list of possible fuel-oxidize1 
combinations is endless. A research team 
at the German Bayerische Motorenwerke, 
headed by Helmut von Zborowski, tried out 
more than 3000 combinations 

(1) One of the essential requirements is 
low consumption. In round figures, rocket 
motors still consume about ten times as much 
fuel as jet engines. By dividing the propellant 
weight flow rate Q (in kg./sec.) by the 
thrust S (in metric tons), we obtain the 


Specific consumption, as follows 


To 
(°K) 
A 
\ 
e. 
3000 | | 


2000 | 





1500 | \\ 
\ 
\ 
7000 \ 
0 20 40 60%, 
lig, 2 Water dilutios n percenta f total 
ght) and chamber temperature (Vo) for nits 
wid and alcohol at different chamber pi 7 
md 1 atmosphes muntey pr 1} 











8) kgs 
J “ (in ) 
‘ tonnes, sec. 
(2) A more conventional expression 1s sPé 
tific impulse, which indicates the thrust (here 
in kilograms) produced from a unit weight 
of propellant per second. The specific impulse 
is therefore 
S 
/ 0 (sec. 
George P. Sutton designates this value as the 
specific thrust 
(3) The which the Germans 
usually call zeltwert (thrust-time 
value), is the integral of the thrust through 
out the duration of combustion (in kg.sec.). 
If the thrust is constant, it is the product 
of thrust times combustion duration. This 
term is primarily used for evaluating expend 
able missiles, which be re-charged 
after operation. 
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cannot 


(4) Between specific impulse and exhaust 
velocity of the exists the follow 
ing relation 


rases there 


0) 
{s } 
From the measurable 


consumption we can 
velocity 


in which g is gravity 
specific impulse ot 
therefore calculate the exhaust 
the specific impulse by 
flow rate instead of 


we divide 
olume 


(5) If 
the propellant 


by the weight flow rate, we obtain 
0 dm? 
| 
S tonnes, se 
6) In the same way we may write for 
the specific impulse 
S (kgs.sec 
la = 
0 dm? 
The index d here stands for density 
(lassification hropellant 
When classifying liquid rocket propel 


lants it is usual to speak of monopropellant 
ind bipropellant systems Vonopropellant 
systems require no supplementary oxidizer 
mixed either from the start 
else because their mole 


because they ire 
with an oxidizer o1 


cules——mostly unstable — already contain oxy 
gen (e.g. nitroglycerine, nitrocellulose Some 
of them require the addition of a catalyst 


for example, hydrogen 
By 


before they can ignite 
peroxide and calcium permanganate 


way of contrast, bipropellant systems consist 
of a fuel and an oxidizer, which have to be 
injected separately into the combustion 
chamber. It they ignite of their own accord 
when they come into contact with each 


ire called 


ritah/l 


the 


spontaneously 12) 


other, thes 


for example, nitric acid and visol); if 
combustion has to be initiated by special 
means, the propellant mixture is non 
spontaneously tgnitable (for example, nitric 
acid and methanol 


rhe initial preference was for non-sponta 
neously ignitable propellants, since in_ the 
case of accidental mixture of spontaneously 
ignitable materials (caused, for example 
by a leakage in a conduit), everything is 
likely to go up in flames. But, whilst non 
spontaneously ignitable propellants are fat 
dangerous, they require an ignition 


) 
less 


system which may entail certain complica 
tions ', depending on the design of the motor 





Although the great majority of propel- 
lant combinations are non-spontaneously 
ignitable, the spontaneously ignitable mixtures 
are gradually receiving more attention. One 
of the earliest known combinations of this 
category is that of hydrogen peroxide and 


hydrazine hydrate. For example, the 
propellant chosen for the Walter 109-509 
motor which powered the Messerschmitt 


Me 163B fighter consisted of 80°,, hydrogen 
peroxide and a mixture of hydrazine hydrate, 
methanol and water [The oxidizer bore 
the code name “ T-Stoff,” and the fuel was 
known as “ C-Stoff.” Spontaneously ignitable 


mixtures are characterized by an ignition 


delay : and this should not exceed one tenth 
of a second. At normal temperatures this 
delay is short enough to ensure conditions 


of relative safety. Accidents in conjunction 
with spontaneously ignitable propellants 
mostly occur because the two components 
do not enter the combustion chamber simul 
taneously The safest method, therefore, 
is to inject one of the components a fraction 
of a second earlier than the other, taking care 
that this component is not the one which 
decomposes spontaneously in the presence 
of the other. In the case of propellant mix 
tures based on nitric acid it has been found 
by experience that the fuel should be in 
jected first ; other mixtures require that the 
oxidizer be injected first 


()y1d170) 


The oxidizers is 
immense In reality, however, hydrogen 
peroxide, nitric acid, liquid oxygen and, 
of late, liquid ozone have claimed the greatest 
ittention Whilst nearly all the fuels are 
easy to handle, the concentrated acids and 
liquid gases among the oxidizers set many 
knotty problems.” 


(on hvdroven 


number of possible 


peroxide was rarely 
manufactured until rocket technicians began 
Odourless and colourless, it 


entrated 


to 11S¢ it 


freezes at 2 deg. ©. and evaporates slowly 
it room temperature. For some time it 
was used on a wide scale in rocket pro 


pellants but is now regarded as less useful 
In view of its low calorific value and tendency 
towards decomposition. In contrast to 
the highly diluted bleaching agent available 
commercially under the same name, the 
concentrated product is always prone to 
decomposition The slightest traces of 
catalyst for example, dirt in the tanks 

can lead to decomposition of an explosive 


nature 











Nuin wid like Wise possesses a low calori 
fic value, but is stable and more easily 
stored. It is available as a yellowish liquid 
which constantly liberates nitrogen oxides 

Its corrosive action on most metals, wood 
ind organic matter is extremely rapid, 
ind produces highly toxic nitric fumes 
Its manipulation requires anti-corrosive 
coated containers ind conduits, as well as 
protective clothing for the personnel. Con 
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Fig. 3: Fueling th nitric acid by meat 1 
special tank cay (for th BAIN 109-511 

bomb motor 

tainers have to be carefully sealed (fig. 3) 


to minimize the dangers due to escaping 
fumes. Its desirably high density, 1.5 kg. dm? 
makes for conveniently small containers 
Other properties favour its use as a consti 
tuent of rocket propellants in certain cases, 

Liquid oxygen, a light blue liquid of watery 
consistency, which boils. at 182 deg. €, 
under normal pressure conditions, is dif 
ficult to but nevertheless the 
widely used oxidizer in rocket propellants, 
thanks to its high calorific value (in mixtures 
and ready availability (through liquefaction 
of air). Its main disadvantage, that of quick 
evaporation, comes to light notably when 
rockets have to be charged some time ahead 
of being fired \lso because of its low Storage 


store most 


temperature spec ial materials are required 
for sealings and valves 

Ozone, the tri-atomic form of oxygen 
liquifies at 112 deg. C. and, owing to its 


dangerous tendency to decompose, is used 
only in dilution with liquid oxygen. Its 
high calorific value (in mixtures) makes it an 
extremely attractive oxidizer. 

Zhorowski, who is credited with having 
introduced nitric acid into rocket propellant 
research, carefully studied the merits of 
hydrogen peroxide, nitric acid and liquid 
oxygen as oxidizers. Using a hydrocarbon 
fuel of 10,000 kcal/kg. calorific value, he 
calculated the specific consumption in each 
case at a chamber pressure of 35 atmospheres 
(1 atm. counter-pressure). His investigations 
bring to light the distinct advantage o/ the 
high specific gravity of nitric acid, if we 
consider the consumption per unit volume 
(Fig. 4). The high density enables a greater 
load of propellant to be carried for the same 
structural weight of the tank. 


Fuels 


[he oxidizers can be combined with nume 
rous fuels. Eugen Sanger divides these into 
three groups: the materials common to the 


first development phase of chemical bi 
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— Oxidizer 
H,0, HNO, oO, oO; 

Hydrogen H., 4630 3990 4570/4210 5640/5210 6095/5710 
Octane CsHis 4190 3690 3810/3600 4610/4450 5090 4930 
Carbon G 3860/3580 3540 3460 4320/4245 4790/4720 
Ethyl alcohol C,H;OH 3980/3580 3700 3480 4400 4200 4840/4650 
Methyl alcohol CH;OH 3900 3480 3640/3360 4245/3990 4640/4420 
Aniline C,H;NH, 3980/3640 3710/3550 4470/4370 4765/4680 
Divinyl ether C,H,O 3990 3650 3740/3560 4445/4320 4890 4780 
Hydrazine hydrate N.H,.H.O 3960/3530 3760 3430 4280/3970 4610/4330 
Aluminium Al 5030/4180 5070/4220 5730/4820 5970/5110 
Beryllium Be 5800/2630 6020/2220 7050 2740 7310/3370 
Lithium Li 5380/4600 5500/4730 6300 5470 6550/5760 
Boron B 4880/3320 4900 3110 5800 3790 6150/4300 
Silicon Si 4560/ ? 4610/ ? 4250/ ? 5590; ? 

Sodium Na 3590 2800 3100/2700 3660/2870 3865/3130 

TABLE | Theoretical exhaust velocities in metres per second computed from maximum 


propellants, such as methanol, ethanol, 
aniline, hydrazine hydrate ; the group now 
in the research phase, consisting of hydro- 
carbon fuels and hydrogen ; and finally such 
high specific heat elements as beryllium and 
lithium. 

rhe greatest experience so far gained has 
been with the first group. Large numbers 
of tests have been carried out with non 
spontaneously ignitable mixtures from this 
group, for example with different varieties 
of gasoline, with benzene and benzene deriva- 
tives, heavy petroleum fractions, and alcohols 
mainly methyl and ethyl alcohol). These 
alcohols claimed some attention since they 
burn cleanly without noticeable residue. 


bry 5 Test stand for trial run with nitric 





TABLE II 


and minimum calorific values of the mixture (according to Dr. E. Sanger). 





lig. 6: Test stand destroyed by explosion 
due to delaved ignition. 


Their low combustion temperature faci 
litated the earlier experiments. Among the 
spontaneously ignitable materials, the amines 
are outstanding for their useful ignition pro 
perties: Nvylidine, a mixture of various 
isomers of dimethyl aniline, and triethvlam 
ine, a tertiary amine, are two examples of 
fuels having good ignition and_ viscosity. 
The mixture of xylidine and triethylamine 
was developed by the German BMW concern 
under the code name “ Tonka 250.” Another 
BMW mixture was “ Tonka 505 C,” which 
consisted of 42 parts by weight of sponta 
neously ignitable materials and 58 parts of 
non-spontaneously —ignitable — substances, 
mostly gasoline and xylene. As further 
examples of the over 3,000 mixtures pre 
pared and tested by BMW we might mention 


Specific impulse of some bi-propellants 


(according to Zwicky and Ross) 


Oxidizer Fuel | (sec.) la 
Hydrogen peroxide Hydrazine hydrate 200 — 
Nitric acid Furfural alcohol 214 293 
Red-fuming nitric acid Aniline 221 307 
Liquid oxygen Ethanol + 25% water 239 237 
Liquid oxygen Ethanol 243 235 
Liquid oxygen Liquid hydrogen 358 101 (!) 


(I, specific impulse based on English units.) 
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ortho-toluidine and mesidine as primary 
phenyl amines, aminodiethyl aniline, methy! 
pyroline and furfural alcohol. 


Bi-propellant combinations 


Table [ is confined to a list of to-day’s 
most important bi-propellant systems, indi 
cating for each the theoretical exhaust velo- 
city attainable if the upper and lower calorific 
values are converted completely into kinetic 
energy. In practice, of course, it is never 
possible to accomplish a complete conversion. 
Che internal efficiency (ratio of the squares 
of the practical and theoretical exhaust velo 
cities) is nowadays between 30 and 50 pet 
cent, though technical progress in design 
may yet bring forth improvements in this 
respect. In Table II, which is taken from 
a report by Zwicky and Ross *, the internal 
efficiency is taken into account. Here a very 
good illustration is given of the importance 
of the spectfic gravity. The specific impulse 
per unit volume affects the dimensions 
and weight of the rocket. The value Jy 
consequently represents an excellent cri 
terion for performance evaluation. — In 
lable II it lies between 235 and 307 in all 
cases except for the combination of liquid 
hydrogen and liquid oxygen. This difference 
is so slight that other properties of the 
materials frequently play a bigger part in the 
selection, such as for example the molecular 
weight of the combustion products, the avail 
ability, toxicity, explosion and fire hazards, 
feed conditions, storage characteristics, igni 
tion properties, behaviour during prepara 
tion, ete 

The preparation of the propellants takes 
place in the rocket combustion chamber. 
First, the mixing operation takes place. 
It consists of a complicated sequence of 
physical and chemical processes, such as 
injection, atomization of the spray, droplet 
formation, turbulent mixture and ignition, 
which are all governed by the design of the 
feed and combustion components. These 
problems are much the same for all the 
oxidizers. Then, combustion causes the 
formation of carbon dioxide, steam, nitrogen 
and such decomposition products as hydro 
gen, oxygen, carbon monoxide, nitric oxide, 
etc. If the conditions of mixture preparation 
are incorrect, black clouds come out of the 
exhaust nozzle (in place of a clearly defined 
jet), thus providing visual evidence of this 
condition. 


J. Stemmer maintains that liquid propel- 
lant rockets will probably be obsolete by the 
time interplanetary flight becomes feasible. 
For this purpose studies are being made of 
how to utilize nuclear energy. The idea is 
to heat to the point of dissociation masses of 
100 molecular weight, as for example hydro 
gen, whereby exhaust velocities ranging from 
10,000 to 20,000 metres per second should 
result. [he theoretical exhaust velocity of 
monatomic hydrogen following the disso 
ciation of liquid H, by nuclear energy —has 
been computed by Dr. Sanger as 20,800 
metres per second. rhe possibility of 
utilizing cosmic energy for travelling through 
interplanetary space is also admitted 


Nitromethane as a Monopropellant " by F. Zwicky and C. ¢ 
Ross. Society of Automotive Engineers, New York, 1949 








Writers frequently make the error of 
judging rocket propellants solely by the 
exhaust velocity they can produce. Only 
rarely do they mention a propellant’s spe 
cific gravity as having any influence, and 
then without elaborating to any great extent 
on the reasons why. In the present article 
we shall endeavour to show that rocket pro 
pellant performance is governed by three 
factors : 

1) exhaust velocity 


2) average specific gravity of propellant d,, 


3) rocket design index « 


We shall develop a simple 
evaluating propellant) performance and use 
practical examples to show that certain 
rocket propellants commonly thought to be 
the best because they produce high exhaust 


formula for 


velocities are actually quite low-performance 
types 

Rockets are judged by only one criterion 
the altitude or range they can attain. If a 
number of identical rockets all having the 
same net weight, propellant capacity, pay 
load and chamber pressure —are fired with 
different follows that the 
highest performance propellant will be the 
one which endows its rocket with the greatest 


propellants, it 


range. But, as the following example shows, 
this particular propellant need not necessarily 


have produced the highest exhaust velocity 


Comparison between two single-stage rockets 


Imagine two V2 rockets which are abso 
lutely identical. One is filled with liquid 
hydrogen and liquid oxygen, the other with 
ethanol (95 °,,) and nitric acid. It is assumed 
that each of the identical propulsion systems 
is utilizing its respective propellant mixture 
to the best advantage Each rocket features 
a combusion chamber pressure of 16 atmo 
spheres, an exit pressure of one atmosphere 
a propellant capacity of 9090 litres and an 
empty weight plus payload of 3900 kilograms 

Che liquid hydrogen and liquid oxygen are 
mixed in the ratio giving the highest exhaust 
velocity (m 0.3). This signifies an average 
specific gravity dn», — 0.251 (Fig. 1) and a 
propellant weight equal to 0.251 9090 
2280 kgs. By substituting these values in 
the general rocket equation we obtain the 
following ideal velocity at power cut-off:! 

2280 3900 


J 2795 In 1290 m see 


3900 


averave effective exhaust velocity 2795 
Th) Se¢ 
The ethanol and nitric acid are mixed in 


a ratio of 0.32. The average specific gravity 


Evaluating Rocket Propellant Performance 


by Joseph Himpan, Paris 


of 1.26 enables us to compute the propellant 
weight as 1.26 9090 11,450 kes. The 
ideal velocity at power cut-off works out at 
11.450 + 3900 
3900 


2260 mise 


| 1645 In 


(average effective exhaust velocity « 1645 
m sec.) 

The velocity at power cut-off is 75°, 
greater in the second example! And _ this 
despite the fact that the tanks were assumed 
to be full in each case which is possible 
only with propellants nof at boiling point, 
thus with ethanol and nitric acid but not 
with liquid hydrogen and liquid oxygen 

We might now ask whether the velocity 
at power cut-off could not be substantially 
altered if each rocket were adapted to its 
particular propellant, since the total weight 
would be far smaller in the case of the first 
rocket. The answer would be that the pay 
load is in any case imposed from the start 
the rocket shell and its tanks can hardly be 
modified, for mechanical reasons ; further 
more, since both rockets have to withstand 
the same aerodynamic forces, they must 
have the same structure The only features 
which can be altered. though not in favour 
of the H,O, mixture —are the propellant 
feed system and the combustion chamber 
Thus it is seen that the structural weight 
of a rocket is virtually independent of the 
propellant used. This statement is also valid 
for other chamber pressures, since all weights 
and performance values vary in the same 
SCTISE 

We may 
pellant composed of a mixture of ethanol 
and nitric acid is “ technically” of highet 
performance than a mixture of liquid H, 
and liquid O,. Presupposing two rockets of 
identical design, the former mixture will 
provide the vreater range 


therefore conclude that a pro 


The Cheval inden of Pervlormaitce 


In evaluating rocket propellants we shall 
begin with the fundamental rocket equation, 
VIZ. 
ideal velocity at power cut-off 

bra 


In (1) 
(,, 


Che higher the ideal velocity at power cut 
off, the higher the performance of the rocket 
Though this equation does ngt take into 
account the influences of terrestrial gravity 
and air drag, these may be ignored since we 
are concerned only with drawing compari 
sons. If we transform this equation in such 
a way that the characteristic values for the 
propellants are evidenced, it follows that we 
shall obtain a basis for correctly evaluating 
rocket propellant performance. The propel 
lant giving the highest value for v is natut 
ally the best one. 
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Now, the initial total launching weight G, 
is equal to the sum of the weight of the pro 
pellant 7, empty rocket AK and payload \ 
The end weight G, is represented by the sum 
of K and N. The weight of propellant is 
given by the product of tank capacity Vand 


average = sper nal gravity dm We tian 
therefore write : 
/ 
vein win (1 K y) 
| 
hon 7 e 
In(1 wl 


sy calling the factor (AWK! N) the “ design 


index “ and giving it the svmbol o we may 


write 


In this way we have obtained the simplest 
form of equation for evaluating rocket pro 
pellant performance in the case of singh 
stage designs. Of the three parameters 
dy», and oa, the first two characterize the 
propellant, whilst o pertains to the design 
of the rocket When comparing 
propellants it is logical that we 


various 
should 
presuppose a constant value for @ and a 
constant chamber 
If ois always the same it signifies that each 
rocket is of practically the same size. In 


pressure Im every Cast 


principle, the question of the kinds of pro 
pellant used and their specific gravity is 
but of secondary interest. We are mainly 
interested in attaining the maximum velocity 
at power cut-off. For a given rocket, there 
fore, — the propellant 
is the one which, by equation (2), gives the 
highest value for v. Hence, the “ technical 

a rocket propellant is not 


highest-performance 


performance ol 
dependent solely on its exhaust velocity ot 
specifi impulse, but also on its specific era 
vity and the rocket design index 

\ propellant producing a lower exhaust 
velocity but having a higher specific gravity 
may be superior to one producing a higher 
exhaust velocity but having a lower specifi 
ravit\ Moreover, a propellant which has 
been found to be the best for certain rocket 
designs may be less suitable in rockets having 
ditferent design indices. As regards the latte1 
consideration, however, we shall see later 
that the influence of the design index, seen 
in the light of present-day technical progress 
is relatively small Exhaust velocity and 
specific gravity count most 

In the case of multi-stage rockels, the velo 
city at power cut-oft of the last stage rocket 
and with it, the performance index of thi 
propellant is given by the sum of the 
velocities pertaining to the individual stages, 
viz. 
win (1 
dy nOn) 


w,In(1 + dmyo;) ding A) 


wnin(1 (3) 
rhis equation may be simplified by sup 


posing that each stage is charged with the 

















Propellant 





Exhaust Propellant Design Velocity at 





P lant 
beets Payload capacity weight velocity spec. grav. index eat 
Stage 
(k) (N) (V) (T) (mw) (dy) ) o (v) 
kgs kgs litres kgs m/sec kg/litre litre/kg m/sec 
Propellant : gas oil tetranitromethane 
| 50 10 200 300 2 800 1.50 3.33 5 000 
iI 500 360 2 000 3 000 2 800 1.50 2.32 4 200 
Hl 5 000 3 860 20 000 30 000 2 160 1.50 2.26 3 190 
Total 5 550 a 22 200 33 300 _— — _— 12 390 
Propellant : liquid H./liquid O, 
| 50 10 200 85 3 650 0.425 3.33 3 210 
i 500 145 2 000 850 3 650 0.425 3.10 3 070 
ill 5 000 1 495 20 000 8 500 3 650 0.425 3.08 3 060 
IV 50 000 14 995 200 000 85 000 2 860 0.425 3.08 2 400 
Total 55 550 _ 222 200 94 435 — _ sais 11 740 
TABLE | 
same propellant, e.g. to avoid technical com ¥ 
plications. We may then write Im (4a/2) 
( Inj(1 Tin a,) (1 din Oy) { J ! ee 
soolT din on) | ( } Pe » ie Roa = = 
Presupposing an identical design index for . | Pr  ———— ———— 
each rocket stage, the equation takes on oa - wl 
further simplified form — 7 a 
vin (1+ dmo)" —nwin(1 + dua) (5) 6 
In this way we obtain the performance 0s NJ 
index of an w-stage rocket whose individual 
stages all have the same design index and are a 
charged with the same propellant It is ‘ 
merely the »-fold performance index of a . ” = os —-m 
single-stage rocket having the same design Fig. | 
index. We may therefore state that, if a 3000 , :, 
propellant is the best available for a single- — »/mec) 
stage rocket, then it also constitutes the best f 
choice for a multi-stage type, provided the soso | 
design index remains constant | 
Comparison hetween two multi-stage rockets 2000 | 
Phe following example also serves to show 
the tremendous influence of the propellant’s 
specific gravity on rocket performance. — It ed 
is required to accelerate a 10-kg. payload 
with a multi-stage rocket to a velocity of 
1000 


12,000 m/sec Instead of having the same 
design index (a) throughout, we pre-suppose 
that the ratio of propellant capacity to 
empty weight is always 4 liters per kilo 
gram. Lighter weight propellants will there 
fore produce higher design indices for all 
stages except the final one (cf. Table 1), 
a circumstance which the designer must 
bear in mind from the start. Investigation 
will now be made of propellants comprising 
mixtures of gas oil and tetranitromethane, 
and liquid hydrogen and liquid oxygen, 
at 20 atmospheres chamber pressure, mixed 
in the stoichiometric ratio and an exhaust 
pressure of 0.8 atmosphere for the stage 
working within the earth’s atmosphere, and 
0.1 atmosphere for the remaining stages. The 
obtained through substitution in 
equation (3) are given in Table I. 


results 


This comparison serves to show that a 
propellant composed of gas oil and tetra 
three-stage 


requires only a 


nitromethane 


or 02 03 


pecific gra itv (dm), effec 
t) exhaust velocity (w) and ideal velocity at 
power cut-off (v) plotted versus mixture vatio (m) 
for a number of vocket propellant combination 
The ideal velocity at power cut-off (v) for a 
given roe ket de sign inden (I ly ; a 0,1 
litve/kg. big 5 a 5.0 litres/kg) vepvresents 
the general performance index ; the same relation 
for a 1.0 (lig. 4) vepresents the specific 
performance index The studies ave based on 
16 atm. chamber pressure, 1 atm. exhaust pressurne 
0.85 Vth 


lig 1-5 lvervage 


and “w 


| Gas oil/Tetranitromethane 
I! Benzene/Nitric acid 
Wi Trimethyl benzene/Nitrogen peroxide 
IV. Butane/Hydrogen peroxide 
VV Hexane/Liquid 0 
VI Liquid H,/Liquid 0 
E Stoichiometric mixture ratio 
P Optimum performance mixture ratio 
W_ Mixture ratio yielding highest exhaust velocity 
F Mixture ratio yielding lowest volume flow 
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rocket of 38,860 kgs., whilst) the liquid 
oxygen and liquid hydrogen mixture calls 
for a /our-stage design of 149,995 kgs. initial 
notwithstanding the fact that the 
mixture substantially 
exhaust 


weight 
latter 
highet 


produces a 
velocity 


The specific performance index 


We shall now indicate a method for eva 
luating rocket propellant performance which 
ignores the rocket design index and is handiet 
for practical purposes. Let us first examine 
Figs. 1 to 5, which show how the average 
specific gravity (dm) of the propellant, the 
exhaust velocity (w) and the velocity at 
power cut-off (v) vary with the mixture ratio 
of fuel to oxidizer. 

Figs. 3 to 5 are based on rocket design 
indices of 0.1, 1.0 and 5.0. It is— seen 
that, although the absolute velocities at 
power cut-off change, their curves have the 
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same slope. It therefore seems fitting to 
reduce the general performance index (equa- 
tion 2) to a specific performance index, the 
purpose of which is to enable us to 
make an initial comparison between the pro- 
pellants and determine the optimum mix- 
ture ratio (maximum technical performance) 
for each of them. By making the rocket 
design index equal to unity we can write: 


sole 


v* ua In (1 T dm) (6) 
This equation has been checked and shown 
to be valid for design indices between 0.1 
and 5.0 as well as for almost all utilizable 


propellants. Design indices exceeding 5.0 





are hardly to be expected for some vears 
to come.” 
The next step is to “ normalize” this 


specific index. Advantageous and practical 
standard values would be : 20 atmospheres 
chamber pressure, 1 atmosphere exhaust pres- 
sure, the theoretical exhaust velocity vin and 
the stoichiometric ratio of fuel to oxidizer. 
The optimum mixture ratio is of course 
indicated by the apex of the v*-curve in Fig. 4 
and differs somewhat from the stoichio- 
metric mixture (which is important in bench 


* The German V-2 had only 3.13 litres 


i propellant capacity per 
the U.S. “ Viking”’ rocket carries 3.73 litres pe 


kg. empty weight rky 


TABLE II (20 atm. chamber pressure, 1 atm. exhaust pressure, 
stoichiometric propellant ratio)* 
Spec. grav. Cal. value a — A 
Fuel Oxidizer (dy) (Hr) velocity (T;) Vth 
kg/litre kcal/kg bard deg. K m/sec 
Dibenzylamine Tetranitromethane ' 1.520 1670 2215 3215 2045 
Aniline Tetranitromethane 1.502 1640 2210 3195 2025 
Gas oil Tetranitromethane 1.505 1590 2190 3165 2010 
Dibenzylamine Nitric acid 60 40” 1.466 1575 2220 3105 2000 
Bromobenzene Tetranitromethane 1.610 1450 2065 3205 1978 
Aniline Nitric acid 60/40 1.452 1535 2205 3080 1975 
Gas oil Nitric acid 60 40 1.450 1472 2180 3035 1950 
Dibenzylamine Nitrogen peroxide * 1.365 1720 2250 3205 | 1933 
Bromobenzene Nitric acid 60 40 1,580 1320 2040 3095 1930 
Aniline Nitrogen peroxide 1.357 1680 2245 3180 1920 
Ethanol (95%) Tetranitromethane 1.370 1525 2210 3055 1905 
Dibenzylamine Nitric acid * 1.390 1475 2185 3035 1896 
Gas oil Nitrogen peroxide 1.350 1615 2220 3140 1893 
Aniline Nitric acid 1.378 1440 2175 2920 1879 
Bromobenzene Nitrogen peroxide 1.485 1432 2060 3195 1874 
Gas oil Nitric acid 1.372 1375 2140 2965 1843 
Bromobenzene Nitric acid 1.497 1240 2010 3025 1840 
Ethanol (95%) Nitric acid 60 40 1,295 1400 2185 2920 1813 
Ethanol (95%) Nitrogen peroxide 1.218 1530 2240 3005 1781 
Dibenzylamine Hydrogen peroxide ” 1,302 1217 2115 2680 1759 
Aniline Hydrogen peroxide 1.295 1195 2100 2665 1742 
Dibenzylamine Liquid O, 1.105 2275 2345 3455 1742 
Ethanol (95%) Nitric acid 1.260 1310 2140 2850 1740 
Aniline Liquid O, 1.100 2205 2350 3415 1740 
Gas oil Liquid O, 1.087 2150 2350 3385 1730 
Bromobenzene Hydrogen peroxide 1.372 1083 2000 2670 1724 
Gas oil Hydrogen peroxide 1.290 1150 2070 2625 1712 
Bromobenzene Liquid O, 1.255 1800 2100 3440 1704 
Ethanol (95% Liquid O, 0.998 1970 2420 3190 1670 
Ethanol (95%) Hydrogen peroxide 1.215 1125 2060 2570 1635 
Liquid H, Tetranitromethane 0.722 2010 2530 3060 1372 
Liquid H, Hydrogen peroxide 0.743 1445 2325 2620 1288 
Liquid H, Nitric acid 60/40 0.608 2010 2600 2950 1230 
Liquid H, Nitric acid 0.605 1885 2545 2885 1207 
Liquid H, Nitrogen peroxide 0.571 2200 2680 3030 1207 
Liquid H, Liquid O, 0.425 3050 3015 3185 1068 
Liquid H, 
Nuclear energy 0.070 approx. 15000 7140 2760 483 
' Tetranitromethane C(NO.), ' Nitric acid HNO, 


* Nitric acid 60 40 
‘ Nitrogen peroxide 


60% HNO,+40% N.O, 
N.O, 


‘Hydrogen peroxide 80% H,0,+20% H.O 


* Compared with the figures calculated by Sanger from the upper and lower calorific values (p. 529) the theoretical 


exhaust velocities given here are appreciably lower. 


On the other hand, Himpan recommends a velocity factor (w/wth) 


of 0.85, whilst this, according to Gartman, amounts to only | 0.30 to | 0.50 for Sanger's figures. In consequence, the dif- 
ferences in effective exhaust velocity, as given by both sources, are not excessively large.—Ed. 
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tests). This difference is substantial only 
in the case of liquid O,/ liquid H,, when 
the optimum mixture ratio leans strongly 
towards the oxygen (and, oddly, the mixture 
for maximum exhaust velocity yields the 
lowest performance). Table II lists a number 
of propellants in order of performance 
(according to equation 6 and the standard 
values mentioned above). The effective 
exhaust velocity (and the performance index) 
is about 0.85 times the theoretical value 

Most propellant mixtures require the 
addition of certain auxiliary substances, for 
example to delay ignition and improve com 
bustion. These are not allowed for in 
lable Il. However, their omission does not 
falsify the essential significance of the table. 

The reader will note that propellants using 
liquid oxygen appear low down in the list, 
and those employing liquid hydrogen as 
fuel even lower. The least effective of all the 
propellant mixtures is the liquid H,/liquid 
O, combination. 

Surprisingly, the much vaunted liquid 
H, nuclear energy combination, of which 
so much is expected, cannot compare, in 
performance, even remotely with any of 
the common propellant mixtures used at 
present, if we judge it on the basis of the 
chamber temperatures permissible today 
Indeed, it is even very much inferior to the 
low-performance liquid H,/ liquid O, mixture. 

It might be argued that the utilization 
of liquid H,, in view of its extremely low 
specific gravity, would enable the same 
rocket construction to take on a higher design 


index. However, this is a fallacy. To begin 
with, a hydrogen rocket, like any other, 


needs propellant tanks, a feed system, a 
Laval duct, control devices, and so forth. 
Since a pressurized gas is used for injecting 
the propellant, it is evident that a higher 
design index is unattainable, there is 
no structural economy compared with other 
rocket types. On the contrary, there will 
be the extra weight of the nuclear energ\ 
installation. If, by using a pump feed 
system, weight were to be saved by building 
the shell and tanks somewhat lighter, this 
economy would again be offset completely 
by the inevitable losses of liquid hydrogen 
due to evaporation. If, on the other hand, 
one were to restrict this evaporation by 
installing some form of thermal insulation, 
then the structural weight would again 
be increased, causing a corresponding drop 
in design index value. It is therefore evident 
that no improvement in the rocket design 
index can be brought about by a liquid 
hydrogen and nuclear energy propellant 
combination. Consequently, we may state 
that no increase in rocket performance is 
to be expected from this “ fuel of tomorrow.”* 
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some talk of using a mercury/nuclear 
Ley The Shape of Ships to Come 
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The Interplanetary Ocean 


by Professor Werner SCHAUB, Ferndorf bei Siegen 


The interplanetary ocean which we _ pro- 
pose to navigate is the vast space far beyond 
the atmosphere of our planet. Materially 
speaking, it is empty in every sense of the 
word. In point of fact, an even distribu- 
tion of all matter in the fizzte universe would 
result in a substratum of inconceivably low 
density, of the order of 10-88 gr./em* or 
roughly 1 proton per cubic metre. 

Physically speaking, however, interplanet- 
ary space is not empty. It is filled with the 
interaction of masses ; in other words, the 
action of universal gravitation. But let there 
be no mistaken idea on this point : the words 
“it is filled” refer to nothing physical. An 
empty space is a mathematical concept, 
which has, however, neither rhyme nor 
reason from a physical point of view. We 
cannot assume an empty space and attempt 
to fill it with something afterwards. Hence, 
we shall not regard interplanetary space as 
an empty space filled with matter and its 
effects, but as a space defined and limited 
by the masses located in it. It is these masses 
which, by their gravitational influences, 
determine the physical structure of this 
space, giving it its form and properties. 

If man wishes to travel by rocket through 
this space—or even have unmanned rockets 
traverse it—he should first of all acquaint 
himself with its structure. Just like any- 
body who plans a journey over land or 
sea, he will need a chart showing him his 
position, his destination, the way there and 
the way back. Whilst there may be no harm 
in going oft into the blue here on earth, we 
short-lived humans ought to think twice 
before taking a happy-go-lucky trip into 
interplanetary space. An eternity might 
elapse before we ever set foot on terra firma 
again ! In the paragraphs which follow, there- 
fore, we shall attempt to construct a chart of 
a part of the universe surrounding two 
masses, for example the Sun and the Earth. 


* 


Masses are singular points in the field of 
gravity, which have the nasty habit of tug- 
ging violently at everything which happens 
to be near to them. Our first assignment, 
therefore—and this is the part which is 
technically most difficult—will be to place 
as much distance as possible between our- 
selves and these points. To do this we know 
of only one method: ¢o start with a high 
mitial velocity. 

The simplest way to find out what condi 
tions must be fulfilled in order to attain 
a great altitude upon taking off from the 
Earth is to resort to the Law of Conservation 
of Energy which can be written as a diffe- 
rential equation thus : 

Fd (\% v?) + d| (7) 
where / = 6.67 x 10° dynes cm?/g? is the 
gravitational constant, m the mass of the 
Earth, and r the distance of the moving body 
from the centre of the Earth at a given time. 
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Equation (7) reveals that the decrease in 
kinetic energy of the moving body of mass p, 
which we shall assume here to be unity, is 
equal to the increase in potential energy ; 
and vice versa. At a distance y from the 
mass mt, the potential energy is 
™ 
: m _m 
Ep i => dy / 
! ya a 
¢ 
r 


(la) 


As the integral reveals, it is defined by the 
work which is required to displace against 
terrestrial gravity a mass equal to unity 
from a point at a distance 7 from the Earth's 
centre to infinity. The greater the distance 7, 
the smaller the amount of work required, the 
latter being at a maximum when the mass is 
located on the Earth’s surface. On the other 
hand, the greater the altitude at which a 
body is located, the greater its potential 
energy, simply because the greater the dist- 
ance through which it has to fall, the greater 
will be its kinetic energy upon contact 
with the Earth’s surface. But equation (7) 
shows that the potential energy of a body 
located at a distance equal to infinity attains 
a maximum value of zero, which means that 
any value for the potential energy of a body 
at a finite distance must be preceded by a 
minus sign. 

By integrating equation (7) we obtain the 
Law of Conservation of Energy in the form 


%y2+4+(—/~)=C (2) 
a 
which states that the sum of kinetic and 
potential energy is constant, on condition, 
of course, that the body receives no additional 
energy (for example, in the form of rocket 
thrust). The integration constant (C total 
energy) is determined when, at any point 
along the trajectory, we know the velocity v 
of the body relative to m, and its distance 7 
from the Earth’s centre. The value of C 
is therefore determined by the initial velo- 
city vo of take-off from the Earth’s surface, 
at a distance vr from the Earth’s centre. 
Consequently, if vy—and therefore C—are 
given, we can calculate the body’s distance 
from the Earth’s centre for any other velo- 


city v. Using equation (2) this amounts to: 
2 
2/m 
Y —— ; 3 
v2 — 2( (7) 


The greatest attainable altitude—7.e., the 
greatest attainable range—is at the point 
on the trajectory when the kinetic energy 
is equal to zero, t.e. when v? = 0: 


mM 
Ymaa / ih (4) 
This range is infinitely great when C 0. 


In this case—and solely in this case— the 
kinetic energy is equal to the potential 
energy at that point (equation 2) and their 
sum equals zero. This could not be other- 
wise, since if the kinetic energy is less than 
the potential energy—which would result in 
their sum C being negative—the body would 


INTER SOAVIA 


never escape from the Earth’s field of gravity 
but would simply attain a finite altitude or 
describe an ellipse. If absolute escape from 
the Earth is desired, then the rocket must 
have a velocity vg at power cut-off such 
that its total energy C is equal or superior 
to zero. According to equation (2), we 
should get v,? 2 /m/rr. With regard 
to the Earth we have the numerical values 
m 6 x 10% mass-grams and 77 
6.38 108 cms. Hence, 

2X 667 x 6 

Vv," 6.38 10!! 
.. 

1,295 10'2 (cm.?/sec?) 

so that 
Vp = 11.2 (km./sec.) 


The right-hand factor of equation (4) 
contains only constants. Therefore, for a 
given initial velocity, the curves of great- 
est range are concentric circles about the 
Earih’s centre, in the plane of a Great 
Circle. If a radial departure is made from 
the Earth, the same altitude will always 
be attained for a given initial velocity, 
regardless of the direction of departure 
into space. Equation (4) gives the ceiling 
(v? = 0) ; therefore, with a_ given initial 
velocity vg—t.e., for a total energy C which 
is constant—all the points within the circle 
can be reached but none of the points 
outside the circle. Equation (4) conse- 
quently limits the region in which one can 
travel with a given initial velocity. Within 
the circle, the body’s kinetic energy is 
always positive and becomes equal to zero 
on reaching the periphery; outside the 
circle, v? is negative and the velocity v 
consequently becomes imaginary.  There- 
fore, there is no possibility of motion. 

The above considerations apply only to 
ranges which are small in relation to the 
Earth’s radius. For greater altitudes, our 
equations would be valid only on the condi- 
tion that space contained no celestial bodies 
other than the Earth. But we are already 
attempting to take off from a space station 
named “ Earth,” which travels at the subs- 
tantial velocity of 30 km./sec. round the 
Sun in its gravitational field on a roughly 
circular orbit. In consequence, it is evident 
that it is not immaterial whether we start 
off towards the Sun or away from it, for in 
the first case the Sun would have an acce- 
lerative effect on the body and in the second 
a delaying effect. A greater ceiling will there- 
fore be attained in the first case than in the 
second, the difference increasing, the further 
the body is away from the Earth. The region 
which we may explore following a departure 
from the Earth at a given initial velocity is 
no longer circular but pear-shaped. 

Our next step must be to decide on a 
system of axes on which to record the velo- 
city. As long as we consider the Earth 
as centre of gravity, then the velocity 
should be plotted on a system of axes with 
its origin at the centre of the Earth. But 
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if we wish to take the Sun’s influence into 
account, then we must realize that we are 
situated in a rotating disc which revolves 
about the Sun—or about the centre of gra- 
vity of the Sun-Earth system—at the same 
angular velocity as the Earth. Our choice will 
therefore lie in a system of axes having its 
origin at the centre of the Sun—or at the 
centre of gravity of the Sun-Earth system 

its x-axis always coinciding with the line 
joining the Sun and Earth. The fact that 
we make our departure from the Earth 
justifies this rotating system, since we have 
the Earth’s peripherical velocity trom the 
start and shall always keep it. In this system 
of axes, a given point will have a velocity 
equal to zero when it is displaced perpendi- 
cularly to the line connecting it with the Sun, 
at the angular velocity of the rotating disc 


This system of axes is presented diagram 
matically in Fig. 1, whereby .V/ denotes a very 
large mass (the Sun), # a smaller mass 
(the Earth) and p a mass (a rocket) which is 
negligible in comparison with Wand m. 
The mass m describes a circle about WW at 
a distance Rk — constant; p is situated in 
the plane of this circle, at a distance Ru 
from VW and R,, from m. Being extremely 
small, pp can exert no influence whatever 
on the rotation of m about 7. However, 
the motion of yp is certainly influenced by 
the masses .V and m. 


In the rotating system of axes described 
above, the kinetic energy of jis at all times 
given by the equation 


R*yy 2 R2, 


. 
ve — (M | Ru k® )+ fm | R 


Cm k8 ] 
eS 
This equation, which we shall not develop 
here, takes on the form of equation (2) 
when yp is located near m. In that case 
Ruy and R are very great in relation to Ry» ; 
moreover, yz is almost equal to R. In equa- 
tion (5), therefore, we may ignore the first 
term (with 7) in relation to the second, 
whereby the latter's term F?,, R® becomes 
negligibly small, so that 


Te 2 / ( (5a) 


The velocity v at any point Rwy, R,, is 


still defined here by the constant Cy. This 
also applies to the initial velocity v, which 
is necessary at the surface of m (Ray R) 
if a body is to pass through the point Rm, 
R,, at a velocity v. The maximum alti 
tude or range (v* 0) is given by the 
equation 
2 R?y 2 k?, 

May? pe) im\ pe, + pa)! 


Since the total energy (, at the take-off 
can be given any value—depending on the 
velocity at power cut-off equation (6) 
vields an infinite family of curves, exactly 
as equation (4) gives an infinite family of 
concentric circles. But the curves resulting 
from equation (6) are not normally circles 
except when approximation (2) is satisfied, 
i.e., for very small values of Ry or of Rm, 
hence in the vicinity of J or m. These 
curves become circles again once Ry and 
Rm exceed certain values. The two terms 
in parentheses in equation (6) then become 
equal and the first term in each parenthesis 
becomes negligible in relation to the second 
If j« is located at a very great distance 
from masses .V/ and m, everything proceeds 
as though the body were rotating about a 
single mass .W/-}+m 








& = 
Fig. 1 : The spaceship (p) forms with the Sun (M 
ind the Earth (m) a system of three masse 

pw ts located in the plane of rotation of m about 


M, and the abscissae and ordinates of the system 


of axes ave assumed as rotating 


In the first case, the circles have their 
centres in either .W/ or m, in the second case 
they surround ./ and m. These three families 
of circles are determined by C,. In certain 
therefore, two or more curves are 
regulated by (,. Within the small circles 
about .W or m, and outside the large circle 
about W+m, the kinetic energy assumes 
positive values. Hence, if the body yp starts 
from a point within one of the small circles 
at a suitable velocity, it will remain within 
that circle and become a satellite of either 
M or m; but if, for the same value of Co, 
it starts from a point outside the circle 
about /+m, it will never be able to cross 
it and will therefore not be able to touch 
either .W oor m. 


Cases, 


Equation (6) reveals C, to be 
According to equation (5), C, 
As long as the rocket motor is 


positis e. 
decreases as 7 


Increases. 


Fig. 2 Curie f man 


vhen M 10 mand R 1 Vumerical value 


num vange of a pace 


functioning, C, decreases, attaining its fina] 
‘minimum ” only at power cut-off. Subse- 
quently this minimum value determines the 
trajectory of uw in that it restricts the range 
of the rocket (provided that the motor is 
not re-started). At low initial velocities, 
i.e., high values of Cy, the ranges over 
which a rocket can travel, starting from m, 
are limited by circles about m. At higher 
initial velocities, a rocket starting from m 
in direction of .W can travel farther than if 
it starts in the opposite direction. The circles 
about m become pear-shaped, having their 
elongations pointing in the direction of / 
Similarly, trajectories following departures 
from .V/ reveal the same shape, with their 
elongations directed towards m. These cir- 
cumstances are illustrated in Fig. 2. 

kor a given value of Co, which we shall 
call ( " the pear-shaped curves about 
M and m meet at a point L,, on the straight 
line joining V7 and m, forming a figure-eight 
pattern having its intersection at L,. With 
any lower initial velocity can reach neither 
M ofrom m nor m from WM. Therefore, 
the figure-eight curve limits the zones of 
influence of Wand m. If the body starts 
at an initial velocity corresponding to C,, 
it will at best attain the figure-eight curve. 
If it does reach this curve—-this depends 
essentially upon the direction in which it 
starts—its kinetic energy (hence its velocity 
in relation to the rotating disc) will be 
equal to zero, Consequently, it will have to 
turn back and fall within the curve again. 
Only when it reaches the figure-eight curve 
precisely at point 1, will it have the choice 
between returning into the smaller curve 
or passing over to the larger curve about J. 


(Sun-karth), 
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indicate Co/f alues for each curve 
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However, it will do neither of these things, 
since L, is a point of equilibrium, which we 
shall call a centre of liberation ; and should the 
body reach this point, it will remain there, 
with a velocity of zero in relation to the 
system of axes. It will gravitate about 
Vasif it were connected rigidly to M and m, 
and will stay at L, eternally, in an extremely 
stable position. The point L, may therefore 
be regarded as a spot empty of all matter, 
where it would be possible to “ land” without 
risk and stay any length of time without using 
up energy. If the universe contained but the 
Sun and the Earth, and no other satellites, 
not even the Moon, then L, would be situated 
at some 1,530,000 kilometres from the centre 
of the Earth, between the Earth and the 
Sun !. 

If we wish to start from m and escape 
from its zone of influence, we must start 
with a value of C, less than C,. In this 
case, the figure-eight curve would “ open ” 
at L, and turn into an hour-glass curve with- 
out a point of intersection. The whole 
region enclosed by this curve, including M 
+ m, is now accessible. For each value of 
C, exceeding C, we obtain three “ ovals ” 
one around M, one around m, and one around 
M+ m. Within the figure-eight curve and 
outside the large oval, the kinetic energy v? 
is positive and the velocity 1s expressed in real 
values. 

Between these curves, however, v becomes 
imaginary. Hence it follows that, starting 
from within the figure-eight curve or out- 
side the large oval with an initial velocity 
corresponding to C,, it would be impossible 
to cross this space. In order to do so, it 
would be necessary to start with a smaller 
value for Co. A certain value C, yields the 
dented oval JJ about M and m, which is 
accompanied by a larger oval J/’ having 
point L, in common with the inner oval. 
It is possible to start from m and attain this 
point ; it is also possible to pass beyond it 
and reach the space outside the large oval. 
The initial velocity, however, must be at 
least equal to that required to reach Lg. 
Hence, L, is a centre of liberation with the 
same characteristics as L,. If we were to 
reach Ly, with a velocity of zero in relation 
to the rotating disc, we should stay there 
eternally, gravitating with m around M as 
if the body were connected rigidly to these 
two masses. A calculation of the distance 
from L, to the centre of the Earth—using 
the same hypotheses as in the calculation of 
the distance of L, and in view of the extreme 
mass-ratio of 3.3%10-5 between the Earth 
and the Sun, again yields 1,530,000 kilo- 
metres, but this time away from the Sun. 

So far we have presented no possibility 
of entering the space between curve J// 
and oval JJ’. In order to do so we should 
have to start with an initial velocity smaller 
than that required to reach Ly. This causes a 
“hole” to appear at Ly, providing access 
to the space beyond the large oval. Curves J] 
and //’ move nearer together as the initial 
velocity is increased, finally to merge into 
a continuous, closed curve. This curve 
limits yet another inaccessible region. Once 
outside, however, the only way back to 
m is through the “hole” at Ly, if we 
do not wish to consume energy to enter 
the “ forbidden ” zone—which, of course, 
becomes smaller as the initial velocity is 
increased. Finally, this zone also assumes 
the shape of the two sausages above and 


"Cf. last-but-one paragraph of this article. 
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below the straight line, and has a double 
point at Ls, the third centre of liberation on 
the straight line connecting the Earth and 
the Sun. If we were to reach L, with a 
velocity equal to zero, we should be able 
to travel either left or right, but not into the 
two sausages ; 7.e., we should again gravitate 
with m about M. If we wish to travel 
through these two forbidden zones, then 
we should have to start with an initial 
velocity corresponding to a still smaller 
value forC. The two sausages then separate 
at L, into two closed curves above and below 
the line Mm. As C, is decreased they become 
smaller and smaller, finally shrinking, for a 
minimum value of (Co, 1.e., a maximum 
initial velocity into two isolated points L, 
and L;, which each form an equilateral 
triangle with / and m, having sides 
149,000,000 kilometres in length in the case 
of the Sun-Earth system. 

The velocity required to reach either 
L, or L,, starting from m, is practically 
equal to the parabolic velocity or escape velo- 
city at the surface of m, which amounts to 
11.2 kilometres per second fot the Earth. 
Following a departure at this velocity, or at 
any velocity exceeding it, no zone is inacces- 
stble, and we could reach any point in the 
solar system.? Points L, and L; are like- 
wise centres of liberation; and a mass 
reaching one of them with a velocity equal 
to zero would stay there eternally, forming 
an equilateral triangle with Wand m. 


* * 

* 
The mathematical and physical signi- 
ficance of equation (6) has now _ been 


explained in brief. The curves which we 
have discussed—these are also referred to 
as limit curves or zero-velocity curves 

delimit the range for a given initial velo- 
city. They represent the greatest alti- 


? The duration of such a trip is not taken into consideration 
here. 





Fig. 3 : View of the “ gravity terrain”’ pertaining 
to Fig. 2 im elevation. The altitudes are pro- 
portional to the amount of kinetic energy 
consumed in ascending them. 





Fig. 4: “ pravity terrain’ per- 


Plan of the 
taining to Fig. 2, with lines of elevation. The 
illumination is from the left. 
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tudes which can be attained after depart- 
ing from m with a given initial velocity. 
We might aptly call them altitude lines 
(cf. Figs. 3 and 4). 

Masses M and m might be conceived as 
each resting at the bottom of a deep crater. 
They are dominated by mountains whose 
height is characterized by the amount of 
kinetic energy consumed in scaling them. 
The greatest elevations are at L, and L,. 
Between the two full-line curves / and I’ 
(Figs. 2 and 4) may be seen the dot-dash 
curves JJ and JI’ denoting a greater alti- 
tude. The “terrain” rises from m to 
L, and then falls again along the line 


Mm. On the other hand, perpendicular to 
Mm it continues to rise up to points 
L, and L;. The point L, therefore forms 


a pass. The same applies to points L, and Ls. 

This can be made clearer by means of 
suitable shading. Fig. 4 represents the pre- 
ceding (Fig. 2) in relief, illuminated from the 
left. The mountains can now be clearly seen. 
L, is a pass over which we can travel from 
m to M using the smallest amount of energy. 
Pass L, is the most comfortable route towards 
the exterior, and enables us to avoid sum- 
mits L, and L;. On the way back we must 
also cross this pass if we have not enough 
energy in reserve to surmount the mountain 
ridge at some other point. 

Should we wish to return once we are 
outside, we shall have to apply fresh energy. 
This is because the mountain slopes down 
again towards the exterior. The main crest 
runs from L, via Ly to Ly. It is characterized 
by equal values for gravitational and centri- 
fugal force (rotating disc); but it is only in 
the centres of liberation that these forces act in 
opposite directions. On the inner slopes of 
the mountains the force of gravity is greater 
than the centrifugal force ; on the outer 
slopes the centrifugal force is the greater of 
the two. Consequently, if a mass were left 
to its own resources with an initial velocity 
equal to zero on one of the slopes, it would 
always begin by descending. It would leave 
the isohypse (elevation line) on which it was 
deposited, in a direction perpendicular to 
this line, though only initially. It would 
cross the very next line in a direction other 
than perpendicular. 

Let us, for example, deposit a mass on 
the crest between L, and L,. At first it 
moves along the crest from L, towards Ls. 
If our system of axes likewise turns in the 
direction from L, to Ls, the body will have, 
after the first unit of time, a linear velocity 
in excess of that of the point at which it is 


situated. Its centrifugal force will therefore 
be greater, driving it towards the outer 
slope. 


Exactly the opposite would happen be- 
tween L; and L,. In this case, after the 
initial unit time, the mass would have a 
velocity smaller than that of the point 
where it is situated, so that it is pulled 
down by gravity into the crater. But 
it would not descend uninterruptedly, since 
its increasing velocity would cause its 
direction constantly to change. It might 
happen—as would generally be the case— 
that it climbed up again due to the centri- 
fugal force exceeding the gravitational force. 
Equation (6) permits of no method of direct 
determination of the trajectory described by 
a mass in any particular case. It would be 
necessary to follow the mass step by step. 

One fact, however, is certain: the mass 
will never be able to surmount the isohypse 
from which it started with a velocity equal 
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to zero. In this regard, the terrain behaves 
like a surface on which a sphere rolls without 
friction. 

On the crest of the mountains the resultant 
of the gravitational and centrifugal forces 
follows the line of the crest itself. This is 
shown in Fig. 5, where the crest is denoted 
by a dot-dash line. The forces acting at any 
point along the crest are represented to scale. 
All along the crest the centrifugal force F 
and force of gravity A are equal (in relation 
to the rotating system), but act in opposite 
directions only at the centres of liberation. 
Their resultant FR lies at a tangent to the 
direction of the crest and is always per- 
pendicular to the isohypse at this point. 
The resultant is, of course, zero at the 
centres of liberation. 


* * * 

We now have a detailed chart of the ter- 
rain through which we wish to travel some 
day. For the present, however, we are crawl- 
ing along the very bottom of the crater m. 
The depth of the crater depends not only 
on the masses as such, but also on the geo- 
metric dimensions of the masses. The depth 
is therefore principally determined by the 
density of M and m, which also determine 
the force of gravity at the surface of these 
masses. The scale in Fig. 3 does not permit 
them to be drawn right to the bottom, as 
their depth is a multiple of the difference 
in altitude between L, and L,. In practice, 
the problem of interplanetary travel will be 
solved once we are able to reach the first 
centre of liberation, L,. 

In the Earth-Sun system, point L, is 
situated at some 240 times the earth’s radius 
from the centre of the Earth (about 1,530,000 
kilometres), whereas the neutral point N, 
where the forces of gravity of the Earth and 
the Sun are equal, is only 40 radii away (cf. 
Fig. 5). The Moon gravitates around the 
Earth at a distance of 60 terrestrial radii, 
so that it is always further away from the 
Earth than the neutral point. This means 
that the attraction exerted on it by the Sun 
is greater than that of the Earth. The 
Moon’s trajectory is therefore principally 
determined by the Sun and is_ always 
concave towards the Sun. The Earth only 
disturbs the movement of the Moon. At 
full moon the curve of its trajectory is more 
accentuated that at new moon. Hence the 
Moon is not really a pure satellite of the 
Earth! It moves around the Sun with the 
Earth because it always stays inside the 
crater m and, as we have already seen, it 
cannot leave this crater without some out- 
side influence. The Earth and the Moon 
therefore form a double planet. 

Similarly, a rocket which, because of an 
insufficient initial velocity, cannot pierce the 
small oval 7 around m, will continue to 
accompany the Earth. It would be a pure 
satellite if it could not escape from the oval 
containing the neutral point—+.e., if it could 
not ascend more than 40 terrestrial radii 
following a vertical launching. The only way 
to create an artificial planet is to travel over 
pass L,. This planet would join company 
with the inner planets Venus and Mercury, 
for it would gravitate in the crater VM. In 
order to create an artificial planet gravitat- 
ing around the Sun outside the Earth’s orbit, 
the pass at 1, would have to be crossed. 

In this study we have simplified matters 
by ignoring the presence of the Moon. But 


5 N 
(Ky-Km) 
Fig. 5: The five centres of liberaticn of the 
votating Sun-Earth system : 


In each of points L, to L, the centrifugal force and the 
resultant force of gravity are equal and act in exactly opposite 
directions. A mass deposited at one of these points at an angular 
velocity equal to that of m about the centre of gravity of the 
systern M +m, t.e., having a relative velocity 1 o, would have 
no inclination to leave that point. At the neutral point N, the 
forces of gravity of M and m are equal, but a mass deposited there 
would immediately be driven towards the outside by centrifugal 
force, which is not allowed for here 


_ M 

I R?u 
m 
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Centrifugal force acting on p= F 


Gravity relative to 1 = Ku 


Gravity relative to m Km 


pRyw?* 
it is possible to construct an identical “ grav- 


ity terrain” for any system of two masses 
e.g., for the Earth and the Moon. The 


system of axes would then rotate at the same 
angular velocity as the Moon about the Earth, 
The first centre of liberation would be at a 
distance of 50 terrestrial radii from the 
centre of the Earth (between the Earth and 
the Moon), and the neutral point at 54 such 
radii. For the time being we may ignore 
the presence of other planets, since they are 
all very distant. However, the Moon pro. 
duces “ bumps” in our “ gravity terrain,” 
which, being far from negligible, complicate 
considerably the problem of navigation 
through space. Hitherto we have regarded 
the problem of the spaceship as a problem 
of three masses; but sending a rocket to 
the Moon involves a problem of four masses 
when one takes into account the Earth, the 
Moon and the Sun. On the other hand, a 
true Earth satellite, such as we have defined” 
above, involves a problem of only three? 
masses and even—in first approximation— 
of only two masses, though possibly with 
some disturbances. 

We have said our piece. It is now for 
the engineers to speak. They must provide 
us with the technical means of surmounting 
passes L, and Ly, first of all in the Earth- 
Moon system, and later in the Earth-Sun 
system. That will enable us to overcome the 
domination of the Earth. After that, it will 
be for the astronomers to take the helm and 
navigate their spaceships safely and soundly 
across the interplanetary ocean. 
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Aircraft Engines of the World 1950. By Paul 
H. Wilkinson, published by Paul H. Wil- 
kinson, New York. 


Even the new yearbook still lists about a 
hundred piston engines, including a number 
of compound engines. Of particular interest 
this time however is the progress achieved in 
turbo power units: Newcomers to the list 
are the Allison T-38 and T-40 for propellor 
drive, and the General Electric J-47, Pratt 
& Whitney J-48, De Havilland ‘“ Goblin-4 ”, 
Rolls-Royce “ Avon”, Avro Canada “ Orenda ” 
and Armstrong Siddeley “ Adder” jet power 
units. 

The tables and technical data are supple- 
mented by a detailed commentary on the 
present stage of development of aircraft 
power units. This also indicates the direction 
in which future progress can be expected. 
Comprehensiveness and accuracy also charac- 
terise the new edition of Wilkinson’s Yearbook. 


Zur Statik von diinnen Flugzeug-Tvragflachen. 
By Dr. Ing. H. Schiirch Paper No. 2 of 
the Institut fiir Flugzeugstatistik und Flug- 
zeugbau, Eidg. Technische Hochschule, 
Zurich Published by Leeman, Zurich 1950. 
This paper deals with the structural ana- 

lysis of wings for aircraft construction. As 

is known, design elements are used here to 
which the normal methods of structural ana- 
lysis cannot be directly applied. This is parti- 
cularly so in the case of wings and tail units of 
modern design, in which the load-carrying 
material is spread more or less evenly over the 
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surface. Stress and deformation conditions 
are thus no longer one-dimensional, but at least 
two-dimensional. 

The writer considers the possibility of sim- 
plifying the static analysis of wings to such an 
extent that traditional methods of structural 
analysis suffice. By an extension of the theory 
of flexible plates, he succeeds in creating 
mathematical formulae for the relationship 
between load and deformation of a “ sandwich ” 
type wing. The “sandwich” is a plate of 
variable height with rectangular stiffening, 
which differs from the usual wing design in 
that it has a_ shearing system (ribs and 
stringers) which is continuously distributed. 
On solution of the deformation equation of 
the sandwich wing the stress is broken down 
into three components: a bending moment 
in the direction of the spar, a torsional moment, 
and a bending moment in the direction of the 
ribs. In the practical part of the paper a 
number of examples are examined mathe- 
matically in proof of the practical utility of the 
theoretical methods of calculation. The inves- 
tigations were also extended to extremely 
swept-back and Delta wings. (German, with 
English summary.) 
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